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Section A.4: Project Organization and Responsibility 

Section A.4.1: The University of Minnesota – Duluth Principal Investigator (PI) 
The Principal Investigator will: 

 Review and approve the Quality Assurance Project Plan (QAPP) including subsequent 
revisions. 

 With guidance from the MPCA Project Manager, design, develop, and implement the 
wild rice mesocosm study, maintaining project notebooks and recording data in an 
appropriate database. 

 Provide administrative direction to assigned staff as needed. 

 Critically examine all data generated for the project and annotate the data with any 
concerns. 

 Transfer all final data, including annotations, to the MPCA Project Manager. 

 Make preliminary interpretations of the data. 

 Prepare reports to the MPCA that summarize the experiments, results, preliminary 
interpretations, and include an attachment of all final data in electronic database 
format. 

 At his discretion, publish results from the project in a peer-reviewed journal. 

Section A.4.2: The MPCA Division Director 
The MPCA Division Director will:  

 Provide administrative direction to assigned staff as needed. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated.  

 Review and approve the QAPP including subsequent revisions. 

 Conduct annual performance appraisals of assigned staff specific to their position 
description relating to the Sulfate and Wild Rice Project. 

Section A.4.3: The MPCA Project Manager 
The MPCA Project Manager will:  

 Provide administrative direction to assigned staff and to the MPCA QA/QC coordinator 
as needed. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Review and approve the QAPP including subsequent revisions. 

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Oversee the preparation of all project reports to include measurable benchmarks, 
problems encountered regarding QA/QC, and recommended changes in procedures. 

 Review all project deliverables and strategies. 

 Provide direct supervision and project assignment to assigned staff. 

 Provide technical direction for the preparation of work plans and the tasks to be 
performed. 

 Review invoices to ensure proper billing for services provided by the contractor(s).
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 Interpret analytical data generated for the project. 

 Represent the data using modeling procedures approved for use in the project. 

 Represent the MPCA in meetings. 

 Publish the results from the project in peer-reviewed journals. 

Section A.4.4: The MPCA Contract Manager 
The MPCA Contract Manager will:  

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Review and approve the QAPP including subsequent revisions. 

 Provide technical direction for the preparation of work plans and the tasks to be 
performed. 

 Review invoices to ensure proper billing for services provided by the contractor(s). 

 Represent the MPCA in meetings. 

Section A.4.5: MPCA QA Coordinator 
The MPCA QA Coordinator will: 

 Represent the MPCA with the contractor(s) ensuring adequate exchange of information 
regarding Project responsibilities and effective functioning of the analytical Project. 

 Coordinate analytical needs and projections, analytical data reports from the 
contractor, and resolution of problems arising from contract provisions with the 
analytical laboratory and MPCA staff. 

 Review and approve the QAPP including subsequent revisions. 

 Notify the contractor of updates and changes in analytical techniques or requirements 
of federal and state regulatory Projects. 

 Update and distribute the Sulfate and Wild Rice QAPP when deemed necessary. 

 Provide an overview to the Project Manager of analytical results and quality control 
data to ensure the laboratory has met Project requirements. 

Section A.4.6: Minnesota Department of Public Health (MDH) Laboratory Manager 
The MDH Public Health Laboratory Manager will:  

 Provide administrative direction to assigned staff and to the MDH QA Officer as 
needed. 

 Implement the elements of the project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated.  

 Review and approve the QAPP including subsequent revisions.  

Section A.4.7: Minnesota Department of Public Health (MDH) Inorganic Unit Supervisor 
The MDH Inorganic Unit Supervisor will: 

 Ensure that the analytical requirements of the QAPP are implemented. 

 Provide direct supervision and project assignment to assigned staff. 

 Provide direction for the daily work activities. 

 Provide technical representation at meetings.
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 Provide direction for analytical requirements.  

 Perform final review of analytical data reports to ensure requirements are met. 

 Review and approve the QAPP including subsequent revisions. 

Section A.4.8: Minnesota Department of Public Health (MDH) Inorganic Unit Laboratory Staff 
The MDH Laboratory Staff will: 

 Ensure analytical procedures are followed. 

 Document the analysis and observations. 

 Identify and report analytical problems to the Unit Supervisor and QA Officer.  
 
Section A.4.9:  Minnesota Department of Public Health (MDH) QA Officer 

The MDH QA Officer will: 

 Monitor and evaluate laboratory analytical activities as they pertain to this QAPP. 

 Conduct and document internal audits of MDH Environmental Laboratory procedures. 

 Review laboratory SOPs. 

 Schedule and document pertinent Method Detection Limit studies. 

 Maintain staff training records. 

 Maintain the laboratory corrective action program. 

 Review and approve the laboratory elements of the QAPP. 

Section A.4.10: University of Minnesota LacCore/LRC Laboratory Manager and Assisting 
Researcher 
The Assisting Researcher and Laboratory Manager and Assisting Researcher will: 

 Communicate frequently with the PI to facilitate research responsibilities and study 
goals 

 Provide direct supervision and project assignment to assigned staff. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Provide direction for the daily work activities. 

 Provide technical representation at meetings. 

 Prepare reports.  

 Review and approve the QAPP including subsequent revisions.  

Section A.4.11: The Science Museum of Minnesota Field Station Director 
The Field Station Director will:  

 Provide administrative direction to assigned staff as needed. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated.  

 Review and approve the QAPP including subsequent revisions. 

Section A.4.12: The Science Museum of Minnesota Laboratory Manager 
The Laboratory Manager will: 

 Provide direct supervision and project assignment to assigned staff.
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 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Provide direction for the daily work activities. 

 Provide technical representation at meetings. 

 Prepare reports.  

 Review and approve the QAPP including subsequent revisions. 
 

Section A.4.13: Gustavus College Chemistry Department Faculty/Laboratory Managers 
The Faculty/Laboratory Manager will: 

 Provide direct supervision and project assignment to assigned staff. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Provide direction for the daily work activities. 

 Provide technical representation at meetings. 

 Prepare reports.  

 Review and approve the QAPP including subsequent revisions.  
 

Section A.4.14: University of Minnesota Duluth – Biology Department Lab Manager 
The Laboratory Manager will: 

 Provide direct supervision and project assignment to assigned staff. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Provide direction for the daily work activities. 

 Provide technical representation at meetings. 

 Prepare reports.  

 Review and approve the QAPP including subsequent revisions.  
 

Section A.4.15: University of Minnesota – Duluth: Dr. Nathan Johnson Civil Engineering Assisting 
Researcher 
The assisting researcher will… 

 Communicate frequently with the PI and MPCA Project Manager  to facilitate research 
responsibilities and study goals 

 Provide direct supervision and project assignment to assigned staff. 

 Implement the elements of the Project as well as any required quality control 
measures.  

 Manage the budget to assure that goals are met and funds and resources are 
responsibly allocated. 

 Provide direction for the daily work activities.
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 Provide technical representation at meetings. 

 Prepare reports.  

 Review and approve the QAPP including subsequent revisions.
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Section A.5: Definition/Background 
 
In its water quality standards and use classification rule, Minnesota Rules Chapter 7050, the 
MPCA assigns a series of use classifications to all waters of the State of Minnesota. Water use 
classifications, and their accompanying narrative and numeric criteria and non-degradation 
provisions, make up the state’s set of water quality standards. Aquatic life and recreation, 
industrial uses, agriculture and wildlife, and domestic consumption are some of the beneficial 
uses these standards are intended to protect. 
 
Minnesota’s Class 4 Agriculture and Wildlife use classification covers agricultural uses (crop 
irrigation and livestock uses) as well as wildlife uses. Under the Class 4A use classification, 
Minnesota currently has a water quality standard of “10 mg/L sulfate - applicable to water used 
for production of wild rice during periods when the rice may be susceptible to damage by high 
sulfate levels.” (Minn. R. 7050.0224, subpart 2). 
 
The MPCA is currently striving to clarify current and future implementation of the wild rice 
sulfate standard, which recently has come under increased questioning and contention. Based 
on a review of available studies and information, MPCA believes that additional wild rice plant 
toxicity studies are needed to evaluate the effects of sulfate and other variables on wild rice, 
across the full life cycle of the plant, before a revision to the numeric standard can be 
considered. 
 
The goal of this study is to provide additional information to re-evaluate the wild rice-based 
sulfate standard. The scientific information developed will be used by the MPCA in its decision 
as to whether or not a change to the existing standard is necessary, and if so, what the revised 
standard should be.
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Section A.6: Project Descriptions 

Section A.6.1:  Objective 

 
The quality objectives will generally follow the guidance outlined on the MPCA’s Quality System 
webpage: (http://www.pca.state.mn.us/index.php/about-mpca/mpca-overview/agency-
strategy/mpca-quality-system.html?expandable=1&menuid=&redirect=1). The Quality System 
for MPCA’s environmental data describes the agency’s general policy for data quality assurance. 
All of the specific values pertaining to precision and accuracy will be refined in the method 
development phase of the project. These results will be used to amend and modify the values in 
Tables 6-8 so that the final QAPP reflects specific laboratory derived data quality objectives.  This 
QAPP falls under all requirements of the MPCA’s Quality Management Plan which is approved by 
U.S. EPA Region 5. 

Section A.6.2:  Scope 

 
Past Mesocosm Experiments 
 

The current experimental design makes use of an ongoing study, developed in 2010 but began 
experimentally in the spring of 2011, to observe the response of wild rice to sulfate additions in a 
“mesocosm” system. A second year of study using these same mesocosms was completed in 2012. 
The past and current experiments have been and are being performed at the University of 
Minnesota-Duluth (UMD) Research and Field Studies Station, Duluth, MN by Dr. John Pastor of the 
UMD Biology Department. Current contracts for the MPCA will use a similar mesocosm 
experimental design during the spring, summer and fall of 2013. This design includes mesocosm 
design and setup, sampling for wild rice plant toxicologically relevant endpoints (growth 
observations, plant count, length, height, weight, seed production and analysis) and overlying 
water chemistry analysis with sulfate concentration determination being of particular interest. This 
design and its current iteration is outlined in detail in the Mesocosm Test Methods Standard 
Operating Procedure (SOPs) located in Appendix E. 
 
 2013 Mesocosm Experiments 
 

The experimental design and methods to be used for the mesocosm study during the 2013 
summer season are a continuation of the design and methods implemented during the 2011 and 
2012 seasons, with the addition of a few changes. First, sulfate concentration treatment levels 
have been changed from prior years to a five treatment level setup: control, 50, 100, 150, and 300 
mg/L sulfate.  Secondly, bulk sediment, sediment pore water, and additional overlying water 
sampling and characterizations will be conducted by Drs. Amy Myrbo and Nate Johnson in much 
the same way they are conducted in the field portion of the Wild Rice study with minor changes to 
accommodate sampling a smaller environment. Samples not analyzed on site will be sent to the 
MDH, UMD Biology and Civil Engineering, or SCWRS laboratories for additional analysis. These 
mesocosm specific methods conducted by Drs. Myrbo and Johnson are detailed in Appendix J and 
F respectively. Finally, new to this year’s experimental design, each mesocosm tank will be 
separated by the addition of a Plexiglas divider that will partition the tanks into a 10% / 90% spli
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 (See Figure 1) The Plexiglas divider will extend from the bottom of the tank to a few inches above 
the sediment into the overlying water. This will allow surface water to flow over but will effectively 
separate the sediment into two physically divided sections. In the section of the tank represented 
by the 10% area, all wild rice plants will be removed, where in the section represented by the 90% 
area, wild rice plants will be allowed to grow as they have done during previous years of the 
experiment. This design will allow Drs. Myrbo and Johnson to sample sediment and porewater in 
environments not affected by possible changes in sediment and pore water chemistry due to the 
physiological processes of wild rice growth (10% section), as well as sample in environments under 
these potential influences (90% section).  

 
Dr. Nate Johnson’s Work Activities 
 

In consultation with the study’s MPCA Project Manager, Drs Pastor and Myrbo, Dr. Johnson will 
deploy and retrieve “peepers” to characterize the chemistry in a stratigraphic profile of porewater 
in the rooting zone of the sediment. Two sets of peepers will be deployed per selected tank, one 
on either side of the Plexiglas divider. Peepers will be deployed in one replicate within each of four 
different treatments (50, 150, 300 mg Sulfate/L, and control) tanks once a month during the wild 
rice growing season from May to September. A different replicate from each of the four 
treatments is used for this sampling regime each month.  SOPs for the deployment of peepers in 
the field will be followed to maintain anaerobic conditions prior to deployment. Porewater 
chemistry samples will be collected and analyzed for sulfide, iron, and sulfate (Zn and Cu 
potentially) by stratigraphic depth profile. Porewater pH data will also be collected. Raw data will 
be reported within one month of retrieving each set of peepers. Data will be finalized and 
prepared as a draft report by October 15, 2013, with a final report submission by November 15, 
2013. See appendix F for the method to be used in Dr. Johnson’s peeper work.  
 

Dr. Amy Myrbo’s Work Activities 
 
Dr. Myrbo will conduct pore water sampling near peepers deployed earlier by Dr. Johnson, using 
two “Rhizon” artificial root porewater samplers per peeper. This will allow an integrated 
sediment porewater sample to be gathered. Overlying water profiling will be conducted at 10 cm 
interval depths for temperature, specific conductance, pH, and dissolved oxygen concentrations. 
Overlying water samples will also be collected to be sent to the MDH for chemistry analyses. 
”Mini” sediment cores will be taken using an adaptation of the sediment coring procedure used 
in the field method. Porewater pH measurements, and an overlying water Hach color wheel 
analysis will also be performed by field crews. All methods used by Dr. Myrbo are listed in 
Appendix J. 
 
See Table 4 below for an outline of all sampling procedures. 
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Figure 1: Graphic of Mesocosm Design 

 
 

 
 
Section A.6.3:  Analytical Samples 

 
The mesocosm overlying water, porewater and sediment samples are brought under chain of 
custody procedures to the MDH Environmental Laboratory, the University of Minnesota 
LacCore/LRC Laboratory, UMD-Biology and Civil Engineering Departments or the Science 
Museum of Minnesota’s St. Croix Watershed Research facilities. The samples are labeled to allow 
identification of each sample specific to the site where the sample was taken. Samples are 
labeled and identified by the type of analyses being requested.  This information allows the 
laboratory to use the proper method when analyzing these samples.  Specific instructions on 
sample collection are provided in Section B.1 or are found in the contracted laboratory 
methods/SOPs available in the appropriate appendix.  The list of proposed target analytes in 
overlying water, porewater and sediment are provided below in Tables 1, 2, and 3.
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Table 1: Proposed Target Analytes in Surface Water 

Target Analyte in 
Solution 

Report Level 
(mg/L) 

Method Reference 
SOP Location Holding Time 

Laboratory 

Alkalinity, Total 10 mg/L SM 2320 B Appendix C 14 Days MDH 

Ammonia 0.050 mg/L EPA 350.1 Appendix C 28 Days MDH 

Arsenic 0.00100 mg/L EPA 200.8 Appendix C 180 Days MDH 

Boron 0.0200 mg/L EPA 200.7 Appendix C 180 Days MDH 

Calcium 2.00 mg/L EPA 200.7 Appendix C 180 Days MDH 

Chloride 0.0500 mg/L EPA 300.1 Appendix C 28 Days MDH 

Cobalt 0.00100 mg/L EPA 200.8 Appendix C 180 Days MDH 

Copper 0.0100 mg/L EPA 200.8 Appendix C 180 Days MDH 

Conductivity 0.2 micromhos/cm EPA 120.1 Appendix C 28 days MDH 

Dissolved Organic 
Carbon 

1.00 mg/L SM 5310 C Appendix C 28 Days 
MDH 

Iron 5.00 mg/L EPA 200.8 Appendix C 180 Days MDH 

Magnesium 2.00 mg/L EPA 200.7 Appendix C 180 Days MDH 

Manganese 0.0100 mg/L EPA 200.8 Appendix C 180 Days MDH 

Molybdenum 0.00100 mg/L EPA 200.8 Appendix C 180 Days MDH 

Nitrate + Nitrite 0.050 mg/L EPA 353.2 Appendix C 28 Days MDH 

Nitrogen, Total 0.050 mg/L 
QuikChem 10-107-
04-3-D 

Appendix C 28 Days 
MDH 

Phosphorous, 
Total 

0.0100 mg/L EPA 365.1 Appendix C 28 Days 
MDH 

Potassium 0.500 mg/L EPA 200.7 Appendix C 180 Days MDH 

Selenium 0.00100 mg/L EPA 200.8 Appendix C 180 Days MDH 

Silica, Total 
Reactive 

0.500 mg/L SM 4500 SiO2 C Appendix C 28 Days 
MDH 

Sodium 0.500 mg/L EPA 200.7 Appendix C 180 Days MDH 

Sulfate 0.0500 mg/L 

EPA 300.1 and 
QuikChem Method 
10-116-10-1-A, 
Determination of 
Sulfate by Flow 

Injection Analysis. 

Appendix C and 
Appendix D 

28 Days 

MDH and 
UMD-Biology 
Laboratory 

Sulfide 0.0100 mg/L 

QuikChem 10-116-
29-3-A and 
Standard Method 
4500-S2– D 
Equivalent 

Appendix C  14 Days 

MDH 

Zinc 0.0100 mg/L EPA 200.8 Appendix C 180 Days MDH 

 
 
 
 
 
 

 



 
Section No.: A.6 
Revision No.: 0 
Date: 08/01/2013 
Effective Date: Date of Last Signature 
Page 20 of 48 
 

Wild Rice Sulfate Standard Mesocosm Studies - Quality Assurance Project Plan 

 
Table 2: Proposed Target Analytes in Sediment 

Target Analyte 

 
Report 
Level 
(mg/kg) 

 
Analytical Method 

Reference 
SOP Location Holding Time Laboratory  

Acid Volatile 
Sulfide 

0.01 SM4500-S2 J Appendix C 180 days MDH 

ICP-MS from 
Extractable 
Metals 

TBD EPA 6020A 
Appendix H 
and I 

180 days 
SCWRS and 
Gustavus 

  
 
Table 3: Proposed Target Analytes in Sediment Porewater from Rhizon Artificial Roots and Peeper Sampling 

Target Analyte 
 

Report Limit (mg/L) 

 
Analytical Method 

Reference 
SOP Location Holding Time Laboratory 

Sulfide 0.010 mg/L SM4500S2- E Appendix C 14 days MDH 

Zinc 0.0100 mg/L EPA 200.8 Appendix C 180 Days MDH 

Calcium 2.00 mg/L EPA 200.7 Appendix C 180 Days MDH 

Copper 0.0100 mg/L EPA 200.8 Appendix C 180 Days MDH 

Iron 5.00 mg/L EPA 200.8 Appendix C 180 Days MDH 

Magnesium 2.00 mg/L EPA 200.7 Appendix C 180 Days MDH 

Manganese 0.0100 mg/L EPA 200.8 Appendix C 180 Days MDH 

Sulfide 0.010 mg/L SM 4500 S2- D Appendix G 14 days U of M Civil Eng. 

Sulfate 0.100 mg/L EPA Method 300.1 Appendix G 28 Days U of M Civil Eng. 

Iron 0.010 mg/L SM 4500 Fe- D Appendix G 180 Days U of M Civil Eng. 

Section A.6.4:  Intended Data Usage 
 

The data will be used to aid the MPCA in the decision whether or not a change to the existing 
sulfate standard is necessary, and, if so, what the revised standard should be. 

 

Section A.6.5: Technical Reports 
 
The MPCA prepares updates to management on a routine basis.  The updates will include: 
 

 A narrative that includes a site history, conditions, and collection activities. 

 QA/QC evaluation of the laboratory data. 
 
Results of the 2011 and 2012 surveys will be reported at the February, 2013 symposium to be 
held at the MPCA’s St. Paul Office. The data will eventually be used to develop a technical
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support document draft that outlines the rational for our recommendation to change or not 
change the current sulfate standard for protection of wild rice production.  
 
Reports and/or project summaries will be distributed to the appropriate managers at the MPCA, 
MDH, University of Minnesota, and the Science Museum of Minnesota. 
 

Section A.7: Quality Assurance Objectives and Criteria 

Section A.7.1: Overview 

 
Quality assurance objectives are developed for field sampling in the mesocosm, chain of custody, 
laboratory analysis and reporting (see detailed procedures in Section B.2 and B.3).  Meeting these 
objectives will provide the MPCA with defensible information to be in the project. 
 
The sample collection technicians will be responsible for field sampling and chain of custody until 
the laboratory accepts samples.  Specific procedures to be used for sampling, quality control, 
audits, preventive maintenance and corrective actions are described in other sections of this 
document.  The purpose of this section is to define quality assurance goals for precision, accuracy 
and completeness.  Establishing these goals allows the State to judge the adequacy of the results 
and whether corrective actions are necessary. 
 
The quality assurance objectives to be met for both field operations and laboratory activities are 
discussed below.   
 
Laboratory reports include the date of sampling, the date of analysis, the signed Chain of Custody 
form, a narrative of the analysis which notes items that are outside the laboratory QC limits, and 
the analytical results for the collected sample.  In addition to the analytical results, the reports 
include the per cent recoveries (% R) of laboratory control sample/laboratory control sample 
duplicates, matrix spikes, and standard reference material and the relative per cent differences 
(RPD) between duplicates. Laboratory analytical QC acceptance criteria are detailed in Tables 5, 
6, 7 and 8. 

Section A.7.2:  Blanks  

 
The samplers will use field blanks (sample bottles and laboratory DI water) while sampling.  Field 
blanks are submitted at a 10% rate to the laboratory.  Field blanks results verify that the field 
sampling and laboratory procedures are free of contamination and do not contaminate blank 
samples.  
 
The laboratory uses method blanks to verify the extraction procedures, glassware, and 
instrument conditions have background below the laboratory reporting limits.  The method 
blanks are reported with MPCA samples to allow the project manager to determine that 
laboratory contamination or analytical error could cause a false positive.  The laboratory 
performs method blanks at a rate of one for each analytical batch of twenty samples (5%) or less 
to ensure a contaminant-free environment. 
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Section A.7.3:  Duplicate Samples  

 
As is the case for field blanks, duplicate samples are collected as necessary to protect the 
integrity of the sampling investigation.  Duplicates are collected by co-locating samplers.  
Duplicate sample analyses provide a check on sampling and analytical reproducibility, or 
precision.  The laboratory also prepares and analyzes replicate samples to gain a measure of 
reproducibility.   MPCA has a relative percent difference (RPD) goal for duplicates of 25% in 
waters and 50% in sediments 
 

Section A.7.4:  Matrix Spike Samples 

 
Spiked samples will not be collected in the field but MPCA does submit adequate samples to 
ensure the laboratory has enough sample to allow for a spike analysis.  The laboratory uses 
Matrix Spike (MS) recoveries to measure accuracy in the analyses.  Laboratory-generated limits 
for spike recoveries are used in validation of data (when required).  MPCA policy requires a 10% 
rate of spikes for environmental samples. 
 
Section A.7.5:  Laboratory Activities 

 
The quality assurance objectives for accuracy, precision, completeness, representativeness, 
reporting limits, and comparability to be met by the laboratory are described in the laboratory’s 
Quality Assurance Manual (QAM)(If available). 
 

Section A.7.6: Definitions of Precision, Accuracy, Representativeness, Comparability, and Completeness 

 
Where possible, laboratory precision is measured through the collection and analysis of duplicate 
samples.  The result for the duplicate sample is compared to the result of the known sample.  The 
relative percent difference (RPD) between the known sample result and the duplicate sample 
result is calculated according to the following formula: 

 
RPD = (Sample Conc. – Duplicate Conc.)*200 

          (Sample Conc. + Duplicate Conc.) 
 

Precision can also be determined between the results of a laboratory control sample 
(LCS)/laboratory control sample duplicate (LCSD) pair.  RPD results should be <25% for water 
samples and <50% for sediment samples for the data to be acceptable. 
 

Section A.7.6.2: Accuracy 

 
The accuracy of the measurement is gauged through the analyses of surrogate spikes, matrix 
spike (MS), and/or laboratory control sample (LCS)/laboratory control sample duplicate (LCSD).  
Surrogate compounds are spike into every sample prior to extraction and analysis. Where 
possible, a MS sample is collected.  If a MS cannot be analyzed, an LCS/LCSD pair may be used to
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 measure accuracy.  The percent recovery is determined by comparing the spiked sample 
concentration to the environmental (un-spiked) sample concentration.  The formula for 
determining percent recovery is as follows: 
 

%R = (Spiked Sample Conc. – Environmental Sample Conc.)*100 
(Spiked Concentration Added)  

Section A.7.6.3: Representativeness 

 
Representativeness of the data set is the measure that expresses the degree to which the data 
accurately represents the population as a whole.  The methods for sample collection in the field, 
sample preservation, transportation to the laboratory, sample preparation, and sample analysis 
are reviewed to determine if appropriate procedures were followed.  If the procedures as 
described in this QAPP were followed, sample results are considered representative of the site. 
 

Section A.7.6.4: Comparability 

 
Comparability is the degree of confidence that one data set can be compared to another data set 
and whether the data sets can be combined and used for decision-making purposes.  The level of 
comparability between data sets is determined by reviewing sample collection and handling 
procedures, sample preparation and analytical procedures, holding times, and quality assurance 
protocols.  When a large difference in one of the methods or procedures exists, the comparability 
of the data is considered low.  If all of the procedures were followed, data from the same site is 
considered comparable. 
 

Section A.7.6.5: Completeness 
 
Completeness is measured by determining the ratio of valid sample results compared to the total 
number of samples for a specific matrix.  During data verification, the data completeness is 
determined by the following equation: 
 

%Completeness = Number of Valid Results * 100 
                               Number of Samples Tested 

 
A completeness of 90% in a year must be obtained in order for a laboratory report to be 
considered acceptable.  If the data set does not meet at least 90% completeness, the data are 
rejected.  If the laboratory is at fault and they will be responsible for securing the re-collection 
and re-analysis of samples.
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Section A.8: Specialized Training/Certifications 

Section A.8.1:  Field 

 
Personnel assigned to the Wild Rice Project will meet the educational, work experience, 
responsibility and training requirements for their positions. At a minimum, field personnel will 
have been instructed in field safety training, the monitor manufacture’s operational manuals, 
field standard operating procedures (SOPs), a Defensive Driving course, and the Project QAPP. 
Records on personnel qualifications and training will be maintained in personnel files and will be 
accessible for review during audit activities.  
 

Section A.8.2:  Laboratory 
 
Laboratory personnel have been trained in proper analytical techniques.  They also receive 
annual refresher training on such items as laboratory safety, right to know, and emergency 
procedures.  The documentation of this training is maintained in the Laboratory Manager’s office 
or in the laboratory’s QA Office. 
 

Section A.9:  Record Keeping 
 
The State of Minnesota has a structured record management retrieval system that allows for the 
efficient archive and retrieval of records. All information considered as documentation and 
records will be retained for 10 years from the date of generation. However, if any litigation, 
claim, negotiation, audit or other action involving the records has been started before the 
expiration of the 10-year period, the records must be retained until completion of the action and 
resolution of all issues which arise from it, or until the end of the regular 10-year period, 
whichever is later. The laboratory SOP for records retention indicates that all data 
documentation, records, protocols, and final reports are stored either on-site at the laboratory or 
off-site in secure storage.  The records are retained for a period of not less than 10 years. 
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Section B: Data Generation and Acquisition 

Section B.1: Sampling Design(s) 

 
This section describes the sampling design process to be used in the 2013 mesocosm studies.  
Table 4 below outlines the type of sampling activities, the responsible parties, and the frequency 
of the sampling activities to be used throughout the 2013 season. The name of the methods 
associated with all sampling procedures in this study and its location in the appendix are also 
provided. For information on detailed chemical analyses of overlying water, porewater and 
sediment to be done, see Tables 1, 2, and 3. For a more detailed description of the sampling 
procedure addressing the number of samples required, sampling network, sampling frequency, 
parameters of interest and rational for the design, please refer directly to the appropriate SOP in 
the appendices of this QAPP.  
 
Table 4: Wild Rice Sulfate Standard Mesocosm Sampling Activities 

Study Sampling Activity Staff Responsible Frequency Sampling Method Name SOP Location 
 

Overlying Water Sampling for 
Sulfate adjustment in the tanks 

Dr. John Pastor Weekly  Mesocosm Test Method Appendix E 

Overlying Water Sampling to 
be sent to MDH for chemistry 
analysis 

Dr. John Pastor Weekly, after sulfate 
adjustment in the 
tanks 

Mesocosm Test Method Appendix E 

Representative Plant Selection Dr. John Pastor Once, at beginning of 
the season 

Mesocosm Test Method Appendix E 

Plant Length Measurement Dr. John Pastor Bi-weekly  Mesocosm Test Method Appendix E 

Plant Collection - Thinning Dr. John Pastor Once, after plants 
have emerged 

Mesocosm Test Method Appendix E 

Observations of plant health 
and counts of total surviving 
plants 

Dr. John Pastor Weekly Mesocosm Test Method Appendix E 

Representative Plant Collection 
at End of Study for Biomass 
Determination 

Dr. John Pastor Once, at the end of 
the study season 

Mesocosm Test Method Appendix E 

Total Plant Collection at End of 
Study for Biomass 
Determination 

Dr. John Pastor Once, at the end of 
the study season 

Mesocosm Test Method Appendix E 

Seed Collection via “Milking” 
procedure 

Dr. John Pastor Once, late August, 
early September 

Mesocosm Test Method Appendix E 

Overlying Water Temperature Dr. John Pastor Weekly Mesocosm Test Method Appendix E 

Sediment “Micro” Coring Dr. Amy Myrbo Once per month at 
time of peeper 
retrieval 

LacCore Pastor mesocosm 
site sampling protocol for 
MPCA-SO4 project 
 

Appendix J 

Rhizon Porewater Sampling Dr. Amy Myrbo Once per month at 
time of peeper 
retrieval 

LacCore Pastor mesocosm 
site sampling protocol for 
MPCA-SO4 project 

Appendix J 
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Water profiling  Dr. Amy Myrbo Once per month LacCore Pastor mesocosm 

site sampling protocol for 
MPCA-SO4 Appendix project 

Appendix J 

Water sampling 
 
 
 

Dr. Amy Myrbo Once per month LacCore Pastor mesocosm 
site sampling protocol for 
MPCA-SO4 project 

Appendix J 

Porewater pH measurement Dr. Amy Myrbo Once per month LacCore Pastor mesocosm 
site sampling protocol for 
MPCA-SO4 project 

Appendix J 

Hach color wheel analysis Dr. Amy Myrbo Once per month LacCore Pastor mesocosm 
site sampling protocol for 
MPCA-SO4 project 

Appendix J 

Peeper Deployment Dr. Nathan Johnson Once per month Peeper Sample Collection and 
Analysis 
Standard Operating 
Procedure 

Appendix F 

Peeper Retrieval  Dr. Nathan Johnson Once per month Peeper Sample Collection and 
Analysis 
Standard Operating 
Procedure 

Appendix F 

 

Section B.2: Sampling Procedures 
The identification and location of the sampling methods are included above in Table 4, along with 
the frequency of the various sampling activities. Those parties responsible for documenting 
corrective actions taken in the sampling procedure and reporting them to Dr. Pastor are also 
listed. Please refer to the individual methods/SOPs in the appropriate appendices for a more 
detailed step by step description of the equipment needed, sample holding times, preservation 
methods, and adequate sample volume required.  
 

Section B.3: Sample Custody 

Section B.3.1: Overview  

  
Sample possession must be traceable from the time samples are collected until they are disposed 
of.  To maintain and document sample possession, chain of custody (COC) procedures are 
followed.
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Section B.3.2: Field Custody Procedures 

 
Trained field personnel collect the samples (see Section B.1).  The field personnel either have the 
samples in their possession, in their view, in a secured area that only they have access to, or turn 
custody over to another individual who has signed the chain of custody (COC) form (See 
Attachment 3 for an example COC form).  The COC is the record of all individuals who come in 
contact with the samples.  A copy of the chain of custody is maintained at all times to ensure the 
samples can be used in for enforcement.  A COC has the following information present:  
 

A. Date and time of sampling, 
B. Name of sampler, 
C. Identification number of the samples, 
D. Analytical methods requested, 
E. Project name, 
F. Signature of the sampler, and 
G. MPCA contact name and phone number. 
 

Sample custody is maintained from collection through analysis.  The samples are cooled on ice.  
The chain of custody form is signed by the sampler and double zip-locked and taped to the inside 
lid of the cooler.  The cooler is custody taped on two corners and shipped.  The sampler and the 
laboratory keep a copy of the bill of lading as proof of custody in shipment.  Records of custody 
are maintained by the MPCA within the site files. 
 

Section B.3.3: Laboratory Custody 

 
Laboratory custody procedures are usually described in the laboratory QAM (If Available).  The 
laboratory signs the COC when the samples are received.  The laboratory verifies the COC is 
correctly filled out and all samples are accounted for (and not broken).  Any problems that occur 
upon receipt of the samples will cause the sample clerk at the laboratory to immediately contact 
the MPCA QA Coordinator. The MPCA will decide if the samples are to be run depending on the 
problem.  The laboratory logs in the samples into the laboratory LIMS system.  The system 
assigns a unique number to each sample.  The log-in numbers are then used to track the sample 
at the laboratory. 
 
The laboratory stores the samples in a secure refrigerated area that maintains the samples at 4° 
+/- 2° C.  The sample holding area is secure from unauthorized personal having access to the 
samples. The samples are removed by an analyst for extraction/digestion, the 
extraction/digestion performed, and any remaining sample placed back in the refrigerator.  The 
laboratory disposes of the samples, except in case of very hazardous samples, which are returned 
to the site or lab-packed for disposal at an appropriate facility.
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Section B.4: Analytical Methods 
Information on the analytical methods to be used by the MDH are detailed in Tables 1, 2, and 3,   
and the associated analytical methods are located in Appendix C. Information on the analytical 
methods to be used by the UMD - Biology Department can be found in Tables 1 and 3 with the 
associated methods located in Appendix D. Information on the analytical methods to be used by 
the Science Museum of Minnesota’s St.Croix Watershed Research Station Laboratory and 
Gustavus Adolphus College Chemistry Department Laboratory are detailed in Table 2. The 
associated methods are located in Appendix J and I respectively. Information on the analytical 
methods to be used by the UMD Civil Engineering Department is listed in Table 3 and the 
associated methods are available in Appendix G. Corrective actions taken in the process of 
analyzing samples associated with this project are documented by the laboratory managers or 
staff and are ultimately reported to Dr. Pastor and the appropriate MPCA Project management 
personnel for the final decision.  

Section B.5: Quality Control 

 
Field and laboratory QC checks are identified in Table 5.  The frequency of analysis and the 
control limits are also listed.  If the results don’t meet the QC acceptance criteria, corrective 
actions are defined in the associated methods. An environmental analytical “batch” is defined as 
not more than 20 samples, not including the quality control samples. In addition to the QC checks 
listed below 

 
Table 5: Quality Control Elements 

QC Type Surface 
Water Sediment 

Sediment 
Porewater 

Blanks    

Field Blanks 1 per batch 1 per batch 1 per batch 

Method Blanks 1 per batch 1 per batch 1 per batch 

Spikes    

Laboratory Control Sample 1 per batch 1 per batch 1 per batch 

Matrix Spike 1 per batch 1 per batch 1 per batch 

Calibration Checks 1 per batch 1 per batch 1 per batch 

Duplicates    

Matrix Spike Duplicates 1 per batch 1 per batch 1 per batch 

Laboratory Control Sample 
Duplicates 1 per batch 1 per batch 1 per batch 

 
 
 
 
 
 
 



 
Section No.: B.5 
Revision No.: 0 
Date: 08/01/2013 
Effective Date: Date of Last Signature 
Page 29 of 48 
 

Wild Rice Sulfate Standard Mesocosm Studies - Quality Assurance Project Plan 

Table 6: Aqueous Quality Control Acceptance Criteria 

Target Analyte 
Blanks Matrix Spike 

(% Recovery) 
Laboratory Control 
Spike (% Recovery) 

Relative Per Cent 
Difference (%) 

Alkalinity, Total <DL NA 90-110 15 

Ammonia <DL 90-110 90-110 10 

Arsenic <DL 85-115 85-115 20 

Boron <DL 85-115 85-115 20 

Calcium <DL 85-115 85-115 20 

Chloride <DL 90-110 90-110 10 

Cobalt <DL 85-115 85-115 20 

Copper <DL 85-115 85-115 20 

Dissolved Organic 
Carbon 

<DL 
90-110 90-110 10 

Iron <DL 85-115 85-115 20 

Magnesium <DL 85-115 85-115 20 

Manganese <DL 85-115 85-115 20 

Molybdenum <DL 85-115 85-115 20 

Nitrate + Nitrite <DL 90-110 90-110 10 

Nitrogen, Total <DL 90-110 90-110 10 

Phosphorous, Total <DL 90-110 90-110 10 

Potassium <DL 85-115 85-115 20 

Selenium <DL 85-115 85-115 20 

Silica, Total Reactive <DL 90-110 90-110 10 

Sodium <DL 85-115 85-115 20 

Sulfate <DL 90-110 90-110 10 

Sulfide <DL 80-120 90-110 10 

Zinc <DL 85-115 85-115 20 

 
Table 7: Acceptance Criteria for Target Analytes in Sediment 

Target Analyte 
 

Blanks 
Matrix Spike 

(% Recovery) 

 
Laboratory 

Control Spike 
(% Recovery) 

Relative Per 
Cent Difference 

(%) 
Acid Volatile Sulfide <DL 70-130 80-120 30 
ICP-MS from Extractable Metals <DL 70-130 80-120 30 

  
Table 8: Acceptance Criteria for Target Analytes in Porewater 

Target Analyte 
 

Blanks LCS (%R) 
 
MS (%R) 

Duplicates 
(RPD) 

Sulfate <DL 90-110 90-110 10 

Sulfide <DL 80-120 90-110 10 

Iron <DL 85-115 85-115 20 

Copper <DL 85-115 85-115 20 



 
Section No.: B.5 
Revision No.: 0 
Date: 08/01/2013 
Effective Date: Date of Last Signature 
Page 30 of 48 
 

Wild Rice Sulfate Standard Mesocosm Studies - Quality Assurance Project Plan 

 

Zinc <DL 85-115 85-115 20 

Magnesium <DL 85-115 85-115 20 

Manganese <DL 85-115 85-115 20 

Calcium <DL 85-115 85-115 20 

Section B.5.1: QC Type 

Section B.5.1.1: Field Blanks 

 
Field blanks are collected to show any bias that is related to collection equipment or transport of 
samples from the field to the laboratory.  One field blank is collected for each day’s set of water 
or sediment samples.  If there is contamination in the field blank but not in the samples, no 
action is required.  Any positive result in an environmental sample which is associated with a 
positive result detected in a field blank is evaluated.  If the environmental sample result is less 
than X5 the concentration detected in the field blank, the report level is raised to the 
concentration found in the sample.  If the environmental sample result is greater than X5 the 
concentration found in the field blank, no qualification is necessary.  However, an explanation of 
the rational should be provided in the narrative accompanying the report.  

Section B.5.1.2: Method Blanks 

 
One method blank is prepared and analyzed with each batch of up to 20 samples to demonstrate 
that there are no interferences from the glassware, reagents, and analytical system.  Target 
analytes of concern should not be present in the method blank at the report level concentration.  
If any method blank shows target analytes above the report level, an instrument blank should be 
analyzed to demonstrate that there was no carry-over from standards or samples.  If there was 
carry-over, clean the analytical system and re-inject the method blank.  If the method blank 
contamination can not be attributed to carry-over, the samples that were associated with the 
blank should be re-prepared and re-analyzed. 

Section B.5.1.3: Matrix Spikes (MSs) 
Matrix spikes are used to determine if there are any effects related to the sample matrix.  One 
spike should be spiked, prepared, and analyzed per batch of up to 20 samples.  The % recoveries 
of the MS are used to measure accuracy of the analysis.  The % recoveries should be within the 
ranges listed in Tables 6, 7, and 8. 

Section B.5.1.4: Laboratory Control Sample (LCS) 

 
A laboratory control sample (LCS) is an aliquot of clean matrix as the environmental samples.  
One LCS is prepared with each batch of up to 20 samples.  The LCS is spiked with the same target 
analytes and at the same concentration as the MS.  The % recoveries of the LCS are used to show 
that the analysis is in control if there is a matrix effect associated with the analysis of the sample 
matrix in the MS.  The % recoveries should be within the ranges listed in Tables 6, 7, and 8. 
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Section B.5.1.5: Field or Laboratory Duplicates 

 
Field and laboratory duplicates are used to measure precision.  One pair should be extracted and 
analyzed per ten samples or less.  The RPD should be less than or equal to the values listed in 
Tables 6, 7, and 8. 
 

 Section B.5.1.7: Out-of-Control Situations 

 
When the out-of-control situations listed in Sections B.5.1.3 through B.5.1.5 occur, the failing 
analysis should be repeated.  If the re-analysis meets QC criteria, report the second analysis.  If 
the re-analysis still does not meet criteria, the affected samples should be re-prepared and re-
analyzed.  If the results of the re-analysis of the MS still fail to meet criteria and the result of the 
LCS is acceptable, then the problem is related to matrix and the QC batch requirements are 
considered to have been met.  Report the results of the batch and qualify the result of the 
environmental sample chosen for QC purposes as estimated.  If the results for the LCS fail again, 
instrument maintenance is required.  After the maintenance has been completed, another initial 
calibration must be performed. 
 

Section B.6: Instrument/Equipment Testing, Inspection, and Maintenance 

 

Section B.6.1:  Field Equipment 

 
Delays in project schedules, poor output in performance, and erroneous results in investigative 
operations can result from improperly maintained equipment.  Therefore, preventative 
maintenance of field equipment is performed routinely before each sampling event.  More 
extensive maintenance is performed based on hours of use and manufacturer recommendations.  
Spare parts for all field equipment as well as back up instruments are kept at the University of 
Minnesota or in the field vehicle.  The field staff performs preventative maintenance on a routine 
schedule on all field equipment for the MPCA.  Standardized field sampling equipment (bailers, 
scoops, bowls, push probes, etc.) will be maintained by the field staff.   

 

Section B.6.2:  Laboratory Equipment 

 
The protocols for testing, inspection, and maintenance of laboratory equipment are addressed in 
the laboratory QAMs (If Available). Additionally, the laboratory’s standard operating procedures 
(SOPs) present the specific protocols to be followed as part of the analysis for the program.  
Preventative maintenance steps employed by the laboratory are described in the laboratory 
QAM (If Available).  In general, the preventative maintenance is performed on a scheduled basis 
on all instruments in the laboratory.  The preventive maintenance performed is documented in 
the instrument maintenance logbooks kept at the instrument.  Irregularities noted during
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 operations are traced through the maintenance logbook to allow for efficient corrective action 
to solve problems.  Analysts are trained in preventive maintenance of their assigned instruments.
  The laboratory utilizes in-house service technicians in the event of instrument failures.  
Contracts are maintained on the computer hardware and software. Backup instrumentation is 
generally available if a specific analytical system becomes unavailable.     
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Section B.7: Instrument/Equipment Calibration and Frequency 

Section B.7.1: Overview 

 
This section discusses calibration procedures for field and laboratory instruments to be used for 
the Project.  All laboratory equipment used for analytical determinations is subject to periodic 
inspection and calibration.   Frequency of calibration is based on the type of equipment, inherent 
stability, manufacturer recommendations, and intended use. 

Section B.7.2: Field Procedures 

 
 The field equipment used by the Project staff is calibrated according to procedures described in 
the manufacturing instructions and/or Project SOPs. 

Section B.7.3 Laboratory Procedures 

 
The calibration procedures followed by the laboratory are outlined in the Laboratory QAMs and 
SOPs.  The basic procedure for the analyses is to calibrate the analytical instruments at five levels.  
One of the levels must be at or below the report level for the individual target analyte.  The initial 
curve must have a coefficient of ≥0.99 or a %RSD of ≤20%.  The five-point initial calibration curves 
are verified with an external source calibration standard and then routinely (as specified in the 
MDH Certification Rule or laboratory SOP) with a calibration verification check standard.   All 
calibration standards must have a percent difference (%D) of <15%.   

Section B.8: Inspection/Acceptance of Supplies and Consumables  
 
A Project staff person inspects all supplies and consumables for integrity and suitability for use.  
Any supply or consumable judged to be of inferior quality or not suitable for the intended use is 
rejected.  Sample containers are pre-certified as clean by the laboratory. 
 
All chemicals and solvents used in the laboratory are inspected to verify that they are of the 
appropriate grade for their intended use.  All consumables found to be contaminated are 
removed from use.  The laboratory has a tracking system that incorporates the date of receipt, 
the date the container is opened, and the assigned expiration date of the chemical or standard.  
The procedures are documented in the individual laboratory Quality Assurance Manual. 

Section B.9: Non-direct Measurements 

 
Historical data may be used to initiate an investigation.  However, all decisions as to whether a 
site is compliant with the policy outlined in federal or state rules are based on samples collected 
during the field study.
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Section B.10: Data Management 
 
Internally, each agency will store all data in their own specific StarLIMS database (Laboratory 
Information Management system). Data will be transferred from the laboratories to the MPCA. 
Data will be stored in a Microsoft Access database at MPCA for data processing and analysis. 

Section B.10.1: Data Recording 

 
Data and information collected in the field will be recorded in dedicated notebooks and forms.  
Data recording procedures to be followed by the laboratory are discussed in individual laboratory 
Quality Assurance Manual. 

Section B.10.2: Data transformation 

 
Data and field information is transformed in the MPCA offices.  Procedures for data 
transformation by the laboratory are discussed in the laboratory Quality Assurance Manual.  Data 
are input into various computer Projects for storage.  The Projects utilized include Microsoft 
Access®, Excel® and Word®. 

Section B.10.3: Data Transmittal 

 
Data and field information are delivered to the MPCA using raw data notebooks and forms.  
Analytical data are submitted to the MPCA as final analytical reports.  These reports have been 
reviewed and approved by the laboratory’s technical, QA/QC, and project management staff.  
Data are then entered into a database by MPCA staff.  A report of Project activities is prepared by 
the MPCA and summaries of the project activities will be presented at the February 2013 
Conference. 

Section B.10.4: Data Rejection 

 
Analytical data which does not meet the established QA/QC criteria defined in this QAPP is 
verified and either flagged as estimated or rejected.  Field data is evaluated by the technical staff 
to ensure that it is compliant with the QAPP. 

Section B.10.5: Data Tracking 

 
MPCA staff contact the analytical laboratory on a regular basis regarding the status of sample 
analysis. Section B.10.6: Data Storage and Retention 

 
For MPCA, data storage and retention is dictated by Minnesota statute and department policy.  
Official laboratory records are managed using an inventory of records with a schedule 
establishing retention periods and disposal requirements.
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Section C: Assessment and Oversight  

Section C.1: Response Actions 

Section C.1.1: Field Audit Project 

 
An audit of the field sample collection activity may be made.  This audit reviews equipment, 
personnel, training, field documentation (photographs, daily field logs, and checklists), and chain-
of-custody records to ensure compliance to the QAPP.  The results of the audits (and any 
identified corrective actions) are summarized in a report to management.   

Section C.1.2: Laboratory Audits 

 
The laboratory QA staff conducts internal audits of all departments involved with the 
handling/analysis of the Petroleum Remediation samples.  These internal audits take place on an 
annual basis.  These audits review the quality policies and implementation of the policies at the 
laboratory.  The reports of these audits are sent to the laboratory manager and quality assurance 
officer for review and improvement in operations.  The audit concentrates on the specific SOPs in 
each section, quality assurance practices, sample handling, documentation, and follow-up on 
prior audits.  These audits are used by the laboratory to identify any problem in their operations 
before there is an effect to the data.   All audits are documented and kept in the QA office.  If 
problems occur or corrective action is initiated, the QAC from MPCA is contracted immediately 
for assistance in corrective actions.  Copies of the internal audit findings (along with any required 
corrective actions) are submitted to the MPCA’s QA Coordinator.  As a result of the internal 
audits, the MPCA may audit at its discretion.   
 
External audits of the laboratory may be performed by other accreditation bodies.  Copies of the 
findings of these external audits (and any identified corrective action) are submitted to the 
MPCA’s QA Coordinator.  As a result of these external audits, the MPCA may audit at its 
discretion. 

Section C.2: Corrective Action/Reports to Management 

 
For each analytical activity employed in this Project, the laboratory regularly tracks the overall 
quality assurance issues.  When a quality control sample or QA issue is found to be out of control, 
Corrective Actions (CA) are implemented.  Corrective action includes re-analysis of samples, re-
sampling, flagging of data, or rejection of the data.  MPCA is informed of any major CA that is 
performed on any Project sample.  

Section C.2.1: MPCA Corrective Actions 

 
The individual identifying a potential issue first documents the problem in the field notebook.  
The project manager who has final sign-off authority on any problem or issue tracks the problem. 
The project manager tracks all CA.  The PM is responsible for identifying the problem, verifying
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 proper documentation is written and implementing the correct action.  The project manager will 
place final documentation into the site record.  Any major CA involving the laboratory is tracked 
by the both the laboratory QAO and the MPCA project manager.  The MPCA project manager has 
final sign-off authority on issues dealing with Project samples. 

Section C.2.2: Laboratory Corrective Actions 

 
Laboratories have a corrective actions system that is described in the laboratory QAM.  
Generally, an individual involved in the analysis of the samples or review of the data discovers 
the problem.  The problem is identified and documented.  The documentation is important to 
allow tracking of the problem and ensure a proper solution is implemented.  All analysts, QA 
staff, and managers/supervisors must agree to the solution to the problem.  The QA staff will go 
back and verify that the solution corrected the problem.  The documentation is archived with the 
client project folder.   

Section C.2.3: Laboratory Reports 
 
The laboratory sends a complete report to the MPCA that includes the following information: 

a. A narrative discussing overall issues with the data (e.g. calibration, holding times, 
internal QC, etc.), 

b. Extraction date, 
c. Sampling date, 
d. Analysis date, 
e. Alphabetical list of compounds, 
f. Reporting limits, 
g. Method of analysis and extraction, 
h. Signature of a laboratory officer, 
i. Chain of custody, 
j. Results of spike, 
k. Spike duplicates, 
l. Results of surrogate samples, 
m. Blanks, and 
n. Concentrations found of each analyte.    
 

The laboratory report is given a final review by the laboratory project manager, then signed, and 
sent to the MPCA.  Specific procedures used by the laboratory will be found in the QAM. 
 

Section C.2.4: Reports to Management 

 
Reports to management will summarize the Project’s sampling and analytical activities for the 
previous time period, the findings of the audits, any required corrective actions, the results of PE 
studies, any data quality problems (along with purposed solutions), any major changes in 
personnel, and an overall evaluation of the laboratory’s quality assurance.  The report is sent to 
all individuals identified in Section A.4.
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Section D: Data Validation and Usability 

Section D.1: Data, Reduction, Verification, and Validation 

 

Section D.1.1: Data Reduction 

 
In general, instrument response for the quantitative analytical procedures described in the 
laboratory SOPs is converted to concentrations or absolute amounts of analyte by use of a 
multipoint calibration curve which relates instrument response to the quantity of the analyte 
introduced to the instrument.  The analyst reduces the raw data produced by the instrument 
using equations found in the laboratory SOP or QAM.  Technical expertise of the analyst is 
needed for evaluation of the data, reviews of the report produced from the raw data, and 
verification that the QC checks are within required limits (e.g. spikes, surrogates, blanks, 
duplicate spikes, etc.).  The raw data and final report are submitted for verification.   
 

Section D.1.2: Data Verification/Methods 

 
The laboratory manager or designated experienced chemist verifies data is correct as reported.  A 
manager reviews 100% of the raw data against the report (to verify data interpretation made by 
the chemist and that QC checks are correct) and makes sure no transposition errors were made.  
The laboratory QA Officer reviews a percentage of all reports to verify that data meets all 
requirements of the QAPP.  The specific procedures to be followed by the laboratory are 
described in the laboratory QAM.  The flags used on the data will be consistent with those used 
by EPA for CLP data (J, R, U, B, etc.).  The laboratory stores all raw data in their archives for five 
years.  Raw data is available to MPCA staff as needed.
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The MPCA Project staff does a data review when the analytical report is received.  MPCA staff 
review data to verify all QC is acceptable, the project requirements are met (holding times and 
reporting limits), and that all required information is present in the report.  The MPCA project 
manager reviews the data to ensure that all quality control requirements are met.  The project 
manager also reviews the field duplicates, calculates the RPD, and compares the data to past 
data from the site to verify consistency.  When all the data points have been reviewed, the 
project manager compares the data which is acceptable to the data which was planned for the 
site and verifies that the completion rate goal has been met.  Any problems with the data or 
laboratory issues are immediately brought to the attention of the MPCA QAC who contacts the 
laboratory to assess the problems and find a solution.  If the problem is particularly severe, a data 
audit or full laboratory audit may be conducted. 
 

Section D.1.3: Data Validation/Methods 

 
At least 10% of the data are validated by the MPCA QA Coordinator from the raw data.  The 
validation process is consistent with the National Functional Guidelines for Inorganic Data 
Review.  If any data problems are identified, more data packages are validated.  If data does not 
meet the QAPP requirements and are judged to be unusable, the analyses are not paid for and 
the samples are re-collected. 
 

Section D.2: Reconciliation with User Requirements 
 
Data quality objectives have been met when a complete report (with all data qualifiers) has been 
provided to the MPCA Senior Management Team.  The report includes any data issues identified 
by the laboratory or the MPCA.  The report points out any limitations on the use of the data to 
decision makers. 
 

Section D.3: References 
 

1. U.S. Environmental Protection Agency, 2001.  EPA Requirements for Quality Assurance 
Project Plans (QA/R-5), EPA/240/B-01/003, Office of Environmental Information. 

 
2. U.S. Environmental Protection Agency, 2002.  Guidance for Quality Assurance Project Plans 

(QA/G-5), EPA/240/R-02/009, Office of Environmental Information. 
 

3. US EPA Contract Laboratory Project, January, 2010, National Functional Guidelines for 
Inorganic Superfund Data Review, USEPA-540-R-10-011, OSWER 9240.1-51.
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Appendix A 

Table of Acronyms 
 
CA Corrective Action 
COC Chain of Custody 
CFR Code of Federal Register 
%D Percent Difference 
DQO Data Quality Objectives  
EPA Environmental Protection Agency 
FOC Field Operations Center 
LIMS Laboratory Information Management System 
MPCA Minnesota Pollution Control Agency 
MS Matrix Spike 
PE Performance Evaluation (sample) 
PM Project Manager 
QAC Quality Assurance Coordinator 
QAO Quality Assurance Officer 
QAM Quality Assurance Manual 
QAPP Quality Assurance Project Plan 
QA/QC Quality Assurance/Quality Control 
RSD Relative Standard Deviation 
RPD Relative Percent Difference 
SAP Sampling and Analysis Plan 
SOP Standard Operating Procedure 
SRF Sample Receipt Form
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Appendix B 

MDH Environmental Laboratory QA Manual 
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Minnesota Department of Health
Environmental Laboratory

Sample Acceptance Policy

The Operations Unit of the MDH Environmental Laboratory is responsible for the use and updating of this 
policy. In general, the staff attempts to resolve issues before the laboratory must reject a sample. 

When we note a sample does not meet the conditions for acceptance for accurate testing, we will contact 
the responsible party for instructions. We define our minimum level of acceptability by the terms required 
in federal law, state laws and regulations, or agreements established for particular projects. 

When we are not certain of the category for acceptance (CWA, SDWA, RCRA, etc.) for a particular sample 
(i.e. the collector did not provide the project identification or indicate specific tests), we will use the most 
stringent criteria to assure that the data are usable. For missing items not affecting the outcome of the 
analysis (e.g. collector name, collection year), we will leave the information blank or, in the case of the 
collection year, we will document the sample was collected within the past twelve months, a reasonable 
assumption. We will retain records of these discrepancies but will not contact you so please be sure you 
maintain your sampling logbook should questions arise.

The following items will prevent us from analyzing your samples and supplying valid results:
•	 The sample containers were broken in shipment or the containers are leaking. 
•	 The samples were preserved, but they require no preservation for accurate testing. 
•	 The samples submitted for volatile organics analysis have headspace (i.e. air bubbles larger than pea 

size).
•	 We did not receive enough sample volume to perform the tests you requested. 
•	 The sample container cap is loose and allows extraneous water or materials to seep into the samples.

We consider the following items crucial to valid testing. We may be able to test the samples after 
we obtain more information from you. The samples will be placed on hold in our sample receiving area 
until our staff receives the necessary information and authorization from you to proceed.

•	 The paperwork submitted with the samples does not match the information on the sample container.
•	 The laboratory receives the samples after the method specified holding time.
•	 A sample submission form or chain-of-custody was not provided, or the form supplied is incomplete.
•	 The labels on the bottles do not have a unique identifier that matches a corresponding item on the 

form.
•	 We cannot read the sample labels. 
•	 The collector did not use the correct sample containers for the tests requested. 
•	 The samples were not maintained at the proper temperature to prevent deterioration. 
•	 Legal chain-of-custody samples received with evidence of tampering (e.g., the custody seals are 

broken). 

If you have questions or comments about this policy or about samples you have submitted to our 
laboratory, please contact our Operations Unit at 651-201-5300. 

Environmental Laboratory
601 Robert Street N.

St. Paul, MN 55164
651-201-5300

ops010 Sample Acceptance Policy
rev. 1, revised: September 19, 2011
Page 1 of 1
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Appendix C 

MDH Environmental Laboratory Standard Operating Procedures 
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Appendix D 

University of Minnesota Duluth Department of Biology 
Laboratory Standard Operating Procedures 
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DETERMINATION OF SULFATE BY FLOW INJECTION 

ANALYSIS 
 

 

1. SCOPE AND APPLICATION 
 

1.1. This method covers the determination of sulfate in aqueous lab samples, ground and 
surface waters.  If the sample is filtered through a 0.45 micron pore size filter, the result 
is termed dissolved sulfate. 

1.2. The applicable range is 3 to 100 mg SO4/L.  The method detection limit is 0.95 mg 
SO4/L as determined in our laboratory. 

1.3. The method throughput is 52 injections per hour. 
 

 

2. SUMMARY OF METHOD 
 

2.1. Sulfate in the sample is precipitated with barium chloride.  The precipitate scatters 
light at 420 nm to produce a signal proportional to sulfate concentration.  The 
precipitate is suspended as a colloid with gelatin and polyvinyl alcohol. 

 
3. INTERFERENCES 
 

3.1. Color and suspended particulates will interfere. 
3.2. Silicate in excess of 500 mg SiO2/L and large quantities of organic matter interfere. 
3.3. Sulfites and sulfides may oxidize and then precipitate as barium sulfate. 

 

 

4. SAFETY 
 

4.1. The toxicity or carcinogenicity of each reagent used in this method has not been 
fully established.  Each chemical should be regarded as a potential health hazard and 
exposure should be as low as reasonably achievable.  Cautions are included for 
known extremely hazardous materials. 

4.2. The laboratory  is  responsible  for  maintaining  a  current  awareness  file  of  the 
Occupational Health and Safety Act (OSHA) regulations regarding the safe handling of 
the chemicals specified in this method.  A reference file of Material Safety Data 
sheets (MSDS) should be made available to all personnel involved in the chemical 
analysis. The preparation of a formal safety plan is also advisable. 

4.3. MSDS for all chemicals are at hand in the lab. The reagent waste stream from the 
autoanalyzer is collected and disposed of through the UMD Hazardous Waste 
Management Program. 

4.4. The following chemicals have the potential to be highly toxic or hazardous.  For 
detailed explanations, consult the MSDS. 

 

4.4.1. Hydrochloric acid 
4.4.2. Barium Chloride 
4.4.3. Poly (vinyl alcohol) 

 
 
 
 
 
 
 



5. EQUIPMENT AND SUPPLIES 
 

5.1. Sartorius 2700 balance capable of accurately weighing to the nearest 0.0001 g. 
5.2. Mettler PE3600 balance capable of weighing to the nearest 0.01g. 
5.3. Class A volumetric flask to make primary standard. 
5.4. Eppendorf Reference 100-1000 uL pipettor used to make up calibration standards.  
5.5. Samples are stored in plastic bottles. 
5.6. Lachat Quik Chem 8000 flow injection autoanalyzer designed to deliver and react 

sample and reagents in the required order and ratios. 
5.6.1. Lachat Random Access Sampler. 
5.6.2. Lachat Multichannel Proportioning Pump. 
5.6.3. Lachat QuikChem Sulfate Manifold. 
5.6.4. Lachat QuikChem 8000 Automated Ion Analyzer. 
5.6.5. Lachat Omnion Data System (Version 3.0.220.04 FIA software). 

 

 

6. REAGENTS AND STANDARDS 
 

6.1. PREPARATION OF REAGENTS 
 

Lab reagent and calibration standard water source is a Millipore  Milli-Q Academic 
system, fed from a reverse osmosis system.  

 

Reagent 1.  Stock Hydrochloric Acid Solution, 6M 
 

By Volume: To a 100 mL volumetric flask containing 40 ml of water, add 50 mL 

conc. hydrochloric acid (HCl).  Dilute to the mark and invert to mix. 
 
 

Reagent 2.  Working Hydrochloric Acid, 0.10 M 
 

By Volume:   In a 1 L volumetric flask containing approximately 700 mL water, 

add 16.7 mL of hydrochloric acid stock (Reagent 1). Dilute to the mark and invert to 
mix. 

 
 

Reagent 3.  Barium Chloride Solution 
 

The barium chloride reagent should be prepared the day before it is used since it must 
be cooled slowly to room temperature for the next day’s analysis.  Use the barium 
chloride reagent for only two days and then discard it.  If the barium chloride reagent 
is used beyond two days, sensitivity of the method will be decreased. 

 

In a 50 mL beaker place 2.0 g Gelatin from Bovine Skin ~225 g bloom (Aldrich 
G9382-100) and 20 mL water. Allow this mixture to soften for 15 minutes.  The 
water will be completely taken up by the gelatin. 

 

In a 250 mL beaker suspend by stirring, 0.6 g PVA [poly(vinyl alcohol)], 98-99% 
hydrolyzed, molecular weight 124,000-186,000, (Aldrich 36,316-25) in 50 mL water. 
Allow to stir for at least 15 minutes.  The PVA will not completely dissolve at this 
point. 

 

 
 
 

  



In a 500 mL erlenmyer flask with graduations, place about 400 mL water.  Bring 
to a boil using a flame, hotplate or microwave.  The water should be hot enough to 
produce steam above the beaker.   Add the PVA suspension.   The PVA in the small 
beaker will not be completely dissolved.   Transfer the dissolved and undissolved 
PVA to the hot water while the hot water is stirred. Add the softened gelatin 
to the hot water.   It is not necessary to transfer these quantitatively.  Continue to 
heat and stir until all of the solid material dissolves.  This may take as long as one 
hour.  Make the volume up to 500 mL using flask graduations. 

 

Filter through rinsed glass wool into a 500 ml container.   (The glass wool is 
placed in the bottom of a funnel. It is important to rinse the glass wool in the funnel 
with several volumes of DI water before use.) Add 25.0 g barium chloride 

dihydrate (BaCl2 2H2O) (Aldrich 21756-500, ACS Reagent Grade) and stir to 
dissolve.  At this point the solution should be slightly turbid. The barium chloride 
reagent should be allowed to cool slowly to room temperature before use. 
 

 

6.2. PREPARATION OF STANDARDS 
 
 
 

Standard 1. Stock Standard 100 mg SO4/L 
 

In a 1 L volumetric flask dissolve 0.1479 g anhydrous sodium sulfate (Na2SO4)  

(Fisher S421-1 ACS Certified) that has been dried for two hours at 105º C and 
stored in a lab desiccator in about 800 mL of m i l l i Q  water.   Dilute to the mark 
and invert to mix. The volumetric flask is sealed and stored at 4° C in the lab 
refrigerator. 
 
Working standards are prepared daily.  Approximately 50mL of Stock SO4 standard 
is poured into a 100mL beaker and allowed to come to room temperature. The 
standards are made up in Lachat 15 mL plastic standard vials with an Eppendorf 
Research 100-1000uL pipette according to the following dilutions: 
 
Std 1 - 100 mg/L = Stock solution 
Std 2 - 50 mg/L = 6mL water + 6 mL Stock solution 
Std 3 - 25 mg/L = 9mL water + 3 mL Stock solution 
Std 4 - 10 mg/L = 9 mL water + 1 mL Stock solution 
Std 5 - 5 mg/L = 9 mL water + 1 mL Std 2 
Std 6 – 2.5 mg/L = 9.5 mL water + 0.5 mL Std 2 
Std 7 - 0 mg/L = water blank 

 



7. SAMPLE COLLECTION, PRESERVATION AND STORAGE 
 

7.1. No chemical preservation is required.  Cool the samples to 4º C. 
 

7.2. Samples are collected in 60  mL plastic bottles.  All bottles are p r e - w a s h e d  
w i t h  D e c o n  N e u t r a d  d e t e r g e n t ,  rinsed with reagent water, placed 
in 1N HCl acid bath, then rinsed at least twice with reagent water and allowed to 
dry before use.  

 

7.3. Samples should be analyzed as soon as possible after collection.  If storage is 
required, samples maintained at 4º C may be held for up to 28 days. 

 

 

8. QUALITY CONTROL 
 
8.1. Lab batches consist of up to 20 environmental samples.  A set of laboratory 

prepared standards standards is run before each batch with 25 mg/L check standards 
run after every 10 samples and at the end of a batch.  The standards are fitted by the 
Omnion software to a 3rd order polynomial calibration curve.  The minimum 
acceptable r2 for the calibration is 0.995.  If this calibration fit is not achieved the 
standards are re-run and/or standards are re-made and re-run until acceptable.  A 
Quality Control Sample (QCS) is prepared using a source different from the source 
routinely used to prepare the Calibration Standards.  The QCS is used to verify the 
accuracy of the calibration curve.  The reported concentrations for the QCS and for 
the check standards must be within +/- 5% of the “true” concentration or the 
standards and preceding samples are re-run.  The reagent lines are flushed with 
alkaline EDTA solution (65 g NaOH plus 6 g disodium EDTA per liter) for several 
minutes after every batch analyzed to prevent deposition of BaSO4 on the flow cell 
walls.  

 
8.2. The Method Detection Limit (MDL) was established at 0.95 mg/L SO4.  

 
8.3. The Lower Reportable Limit is 2.5 mg/L SO4. 
 
8.4. The upper detection limit is 100 mg/L SO4.  Samples which are reported to be 

greater than 100 mg/L are run again after appropriate dilution.  Samples from 
mesocosms with SO4 treatments greater than 100 mg/L SO4 are diluted with 
MilliQ water before analysis (150 mg/L SO4 treatment samples are diluted by a 
factor of two, 300 mg/L treatment samples are diluted by a factor of four). 

 
8.5. On 6/20/2013, the mean and standard deviation for 10 replications of 100 mg/L 

standard was 100.85 +/- 1.52 (RSD = 1.51%).  For 10 replications of 10 mg/L SO4 
standard, the mean and standard deviation was 9.99 +/-0.28 (RSD = 2.80%). 

 
8.6. Analyses of laboratory blanks are required to demonstrate freedom from 

contamination.  Analyze a reagent water blank, initially, and with each analytical 
batch.   The blank must be subjected to the same procedural steps as a sample.  If  
analyte  is  detected  in  the  blank  at  a  concentration  greater  than  the  RL, 
analysis of the samples is halted until the source of contamination is eliminated and 
a blank shows no evidence of contamination.  All samples must be associated with 
an uncontaminated method blank before the results may be reported. 

 



8.7. Analysis of a Laboratory Control Sample (LCS) is required to demonstrate method 
accuracy in a matrix-free environment.  The laboratory must spike a reagent blank 
water sample for each batch of up to 20 samples.  The sample aliquot shall be 
spiked to yield a final concentration of about 25 mg/L SO4. 

 

8.7.1. Compute the percent recovery using the following equation: 
 
% Recovery= ((S1-D1)/K)*100 
 
Where S1 = the determined concentration of the analyte in the LCS sample, 
D1 = the determined concentration of the analyte in the method blank, and  
K = the actual concentration of the analyte in the spiked sample. 
 

8.7.2. The % Recovery for the LCS shall meet the current laboratory 
acceptance criteria of +/- 20% of the actual concentration of the analyte in 
the spike.  If the criteria are not met, the analytical system is judged to be 
out of control and the problem must be immediately corrected.  After 
corrective action, the analytical batch is reanalyzed.  

 
8.8. Analyses of matrix spike and matrix spike duplicate samples are required to 

demonstrate method accuracy and precision and to monitor matrix interferences 
(interferences caused by the sample matrix).  The laboratory must spike, in 
duplicate, one sample in each batch of up to 20 samples.  The two sample 
aliquots shall be spiked to yield a final concentration of about 25 mg/L SO4. 
 
8.8.1. Compute the percent recovery using the following equation: 

 
% Recovery= ((S1-D1)/K)*100 
 
Where S1 = the determined concentration of the analyte in the MS sample, 
D1 = the determined concentration of the analyte in the background 
environmental sample, and K = the actual concentration of the analyte in the 
spiked sample. 
 
The % Recovery for the MSs or  MSDs shall meet the current 
laboratory acceptance criteria of +/- 20% of the actual concentration of the 
analyte in the spike.  If the criteria are not met, the analytical system is 
judged to be out of control and the problem must be immediately corrected.  
After corrective action, the analytical batch is reanalyzed. 
 

8.8.2. Compute the Relative Percent Difference using the following equation: 
 
RPD = (((D1 – D2)*2)/(D1 + D2))*100 

 

Where, D1 = Concentration of analyte in the sample and  
D2 = Concentration of analyte in the second (duplicate) sample. 
 
The RPD for duplicates shall meet the current laboratory acceptance 
criteria of ≤30%.  If the criteria are not met, the analytical system is 
judged to be out of control and the problem must be immediately 
corrected.  After corrective action, the analytical batch is reanalyzed. 



9. PROCEDURE 
 

9.1. SYSTEM START UP PROCEDURE: 
 

9.1.1. Prepare reagent and standards as described in Section 6. 
 

9.1.2. Set up manifold as described in QuikChem Method 10-116-10-1-A.  
 

9.1.3. Input data system parameters as described in QuikChem Method 10-116-10-
1-A. 

 

9.1.4. Pump DI water through all reagent lines and check for leaks and smooth 
flow.  Switch to reagents and allow the system to equilibrate until a 
stable baseline is achieved. 

 

9.1.5. Place samples and/or standards in the autosampler.  Input the information 
required by the data system, such as concentration, replicates and QC 
scheme.  

 

9.1.6. Calibrate the instrument by injecting the standards. The data system 
will then associate the concentrations with the instrument responses for 
each standard. 

 
9.2. SYSTEM NOTES 

 

9.2.1. The calibration fits a third order polynomial. 
 
 

 
10. DATA ANALYSIS AND CALCULATIONS 
 

10.1. Calibration is done by injecting standards.  A calibration curve is created by 
plotting response versus standard concentration.  Sample concentration is calculated 
from the regression equation. 
 

10.2. Report only those values that fall between the lowest and highest calibration 
standards.  Samples exceeding the highest standard should be diluted and 
reanalyzed. 

 
10.3. Report results in mg SO4/L. 

 
11. WASTE MANAGEMENT 
 

11.1. It is the laboratory’s responsibility to comply with all federal, state, and local 
regulations governing waste management, particularly the hazardous waste 
identification rules and land disposal restrictions, and to protect the air, water and 
land by minimizing and controlling all releases from fume hoods and bench 
operations.  Compliance with all sewage discharge permits and regulations is also 
required. 

 



12. REFERENCES 
 

12.1. U.S. Environmental Protection Agency, Methods for Chemical Analysis of 
Water and Wastes, EPA-600/4-79-020, Revised March 1983, Method 375.4 

 

12.2. Standard Methods, For the Examination of Water and Waste Water, 14th ed. 
Revised 1975, Method 427C, p.496 - 498. 

 

12.3. QuikChem Method 10-116-10-1-A, Determination of Sulfate by Flow Injection 
Analysis.  August 28, 2003.  Lachat Instruments. 

 

13. TABLES 
 

13.1. Data System Parameters for QuikChem 8000 
 

The timing values listed below are approximate and will need to be optimized 
using graphical events programming. 

 

Sample throughput: 52 samples/hour, 65 seconds/sample 
Pump Speed: 35 
Cycle Period: 65 
 

Analyte Data: 
 

Concentration Units: mg SO4/L Peak Base Width: 22 seconds 
% Width Tolerance: 100 
Threshold: 16000 
Inject to Peak Start: 15 seconds 
Chemistry: Direct 
 

Calibration Data: 
 
Calibration Rep Handling: Average 
Calibration Fit Type: 3rd Order Polynomial 
Weighting Method: None 
Force through zero: No 
 

Sampler Timing: 
 

Min. Probe in Wash Period: 7.8 seconds 
Probe in Sample Period: 20.6 seconds 
 

Valve Timing: 
 

Load Time:  0 seconds  
Load Period:  14 seconds 
Inject Period: 48 seconds 
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Total Plant Biomass (Dry Weight) Methods 
 
1. Application  
This method covers the procedure for measuring the total weight of plant matter. 
 
2. Summary of Methods 
Total biomass of plant matter is determined by drying a sample at 100-105°C. 
 
4. Potential Interferences 
4.1 Care must be taken to avoid loss of plant material during drying and weighing process. 
 
5. Sample Collection, Preservation and Handling 
5.1 Plant material is collected following measurements of length on fresh plant removed following the 
termination of toxicity test exposures. 
5.2 Plant samples are placed into pre-weighed weighing pans and dried at 100-105°C.  
 
6. Equipment and Analytical instruments 
6.1 Oven (force draft or circulating) capable of constant temperature of 100-105°C ±5°. 
6.2 Weighing pans (aluminum). 
6.3 Scale accurate to weighing 0.1 mg.  
6.4 Glass desiccator jar containing desiccant (gypsum or silica gel). 
 
7. Consumable Supplies, Reagents and Standards 
7.1 Aluminum weighing pans. 
 
8. Procedure for Analysis 
8.1 Plant matter is placed into pre-weighed weighing pans following termination of toxicity tests exposures. 
8.2 Record weight of weighing pan containing the plant material to the nearest 0.1 mg. 
8.3 Place weighing pan with weighed plant material in drying pan and put into drying oven for at least 48 h. 
8.4 After 48 hours or when stable reading is obtained, remove weighing pan from oven. Place in desiccator to 
cool. 
8.5 Record weight of weighing pan and dry sample to the nearest 0.1 mg. 
 
9. Calculations 

Total (%) Dry Weight = [(weight dry sample + weighing pan) - (weight empty weighing pan)] X 100 
 
10. Quality Control 
10.1 Determination of stable dry weight is achieved by placing three individual weighing pans plus plant 
material into the desiccator jar. Once cooled, the weight of each pan is recorded, and the pans are placed back 
into the drying oven for one half hour. After this, the pans are removed, placed into the desiccator jar to cool 
and weighed once again. If the dry weight of each pan differs by less than 0.5 mg or 4%, whichever is less, the 
weight is stable and the weighing of all individual weighing pans with plant matter can be completed. 
 
11. Data Reviewing and Reporting 
Data are reviewed by the senior analyst for completeness and correctness before being sent out. Report results 
in total dry weight of plant matter. 
 
12. References 
12.1 Adapted from Standard Methods (SM2540 Solids).  
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Mesocosm Test Method 

Standard Operating Procedure for Test Methods using Wild Rice, Zizania palustris 

 

1.1 Scope and Application 

1.1.1  This method describes procedures to perform a toxicity test using wild rice grown in 
containers outdoors as experimental mesocosms. 

1.1.2  This method consists of a test using exposures of solutions containing water column 
sulfate concentrations of background, 50, 100, 150, and 300 mg SO4

-2/L. 

   

1.2  Summary of Method 

1.2.1  This method uses experimental mesocosms prepared in plastic tanks to grow wild rice 
through a full life cycle in efforts to examine the effects of overlying water sulfate 
exposures on the plant’s growth.  

 

1.3  Quality Control Considerations 

1.3.1  Toxic substances may be introduced by contaminants in dilution water, sampling 
hardware, or testing equipment. 

1.3.2  Adverse effects of pH changes and cationic constituents in test tanks may augment or 
mask adverse effects of toxic substances. 

1.3.3  Improper sampling of test solutions may adversely affect test results. 

 

1.4  Necessary Apparatus and Materials 

1.4.1  Test chambers: Polyethylene stock tanks (High Country Plastics, Caldwell, ID, #W-
100G, FDA approved low linear polyethylene, 378 L capacity, 132 cm long x 78 cm 
wide x 61 cm deep) were fitted with overflow drain pipes, buried to ground level, and 
connected to 20 L polyethylene overflow buckets. 

1.4.2  Each tank has approximately 15 cm of sediment over 10 cm sand as a bottom 
substrate and site well water added to approximately 23 cm above the substrate. 

1.4.3  Field Meter: pH for routine physical measurements. 

1.4.4  Balance: analytical, capable of accurately weighing 1 mg. 

1.4.5  Filtering apparatus: for membrane and /or glass fiber filters 

1.4.6  Tape: for labeling materials and containers for solutions 
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1.5  Standards and Reagents  

1.5.1 Tanks used for experimental additions of sulfate will be dosed using a measured 
amount of Na2SO4 (Fisher S421).  

1.5.2  Dilution water: defined as well water from a source on site.  

   

1.6 Toxicity Test Procedures: Toxicant Exposures and Mesocosm Tank Maintenance  

1.6.1  This method describes a test using plastic tanks to contain a mesocosm system 
consisting of a sediment substrate with overlying water exposure concentrations of 
Background concentration (control), 50, 100, 150 and 300 mg sulfate /L. Each test 
concentration is replicated six times for a total of 30 tanks used in the experiment. 

1.6.2 Tanks are partially buried in the ground in a 6 x 5 block design. The location of 
treatments used within each treatment tank was randomly placed along each row of 5 
treatments. Each tank is marked with a unique number S1 through S30. 

1.6.3  Each tank was planted with germinated wild rice seed in spring 2011. The source of 
rice seed is a lake of known wild rice harvesting (Swamp Lake, Grand Portage 
Reservation).   

1.6.4  Tests using the mesocosm system for subsequent years relied upon the wild rice seed 
produced from plants that grew in the same tank in the previous year. See “Wild Rice 
Seed Preparation”. 

1.6.5  Water level in the tanks is maintained through a drain pipe located in the center of 
each tank. This drains excess water following precipitation events into an adjoined 
bucket at the side of each tank. Lost water is replaced weekly as needed using the on-
site dilution (well) water, which is added to maintain the tank water level at the top of 
the drain pipe.  

1.6.6  Sulfate will be added to the overlying water in the tanks as solutions of sodium 
sulfate to maintain their prescribed test concentrations. Adjustments are made by 
using the measured concentrations in each tank to calculate a SO4 deficit for each 
tank. The appropriate amount of Na2SO4 is weighed out, placed in a container, 
dissolved in DI water (a liter or less), and taken to the field site where it is mixed with 
the tank water . The sulfate solution is mixed with 4 liters of mesocosm water and 
added back to the tank in 6 aliquots spaced around the tank with thorough mixing 
after each addition.    

1.6.7. Adjustments to the sulfate concentration are made weekly after water sample analysis 
using the method described in “Determination of Sulfate by Flow Injection Analysis”, 
found in Appendix D of the document titled: “Wild Rice Sulfate Standard Mesocosm 
Studies - Quality Assurance Project Plan”. Adjustments to tank sulfate concentrations 
are made as needed based on any addition of make-up water (rainfall or well water). 
A follow-up water sample from each tank is collected following adjustment of sulfate 
concentration to be sent to Minnesota Department of Health for chemical analysis. 

1.6.8 Photographs will be taken periodically during the growing season to visually 
document growth and condition of the stems and overall experimental design. 
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1.7  Toxicity Test Procedures: Effects Measurements 

1.7.1 Wild rice seedlings in each tank are thinned (excess seedlings are pulled out by the 
root, by hand) to a density within the range reported to be optimal for seed production 
in natural wild rice stands (30 – 40 plants per square meter). Plants are thinned to 
allow for relatively even distances between remaining plants. Total number of 
seedlings removed is recorded for the season.  

1.7.2  Five plants in each tank will be randomly chosen in early summer for detailed 
measurements recorded throughout the growing season, and for comprehensive 
sampling at the end of the growing season. 

1.7.3  The five sample plants are selected by placing a string lengthwise across the center of 
the tank. The string is marked at increments that are evenly divided along the string. 
At each increment, the closest plant is selected that fits within the range of height 
described by the mean height plus/minus one standard deviation of the all plants in 
that tank. This is done for each individual tank. The selected plants are marked 
appropriately to enable their identification for subsequent measurements throughout 
the growing season. A grid of support (using cotton twine) is put into place across 
each tank. 

1.7.4 Heights of these plants will be measured bi-weekly throughout the growing season as 
the total length from the sediment surface to the tip of the longest leaf. 

1.7.5 In late August to September, seeds will be collected by milking the seed head during 
the period of seed dispersal. At the end of the growing season these plants will be 
collected by gently excavating the root system from the sediment and removed from 
the tank by first suspending the plant, and carefully removing as much sediment as 
possible.  

1.7.6 Seeds will be dried at 60o C, counted and weighed. Plants will be dried at 60o C, 
separated into root and stem/leaf sections, and then weighed as described in the 
method titled “Total Plant Biomass (Dry Weight) Methods” found in Appendix E of 
the document titled: “Wild Rice Sulfate Standard Mesocosm Studies - Quality 
Assurance Project Plan”. 

1.7.7 In addition, all additional aboveground plants will be counted and collected from each 
tank. These plants are harvested after all seed has dropped by cutting the stems just 
above the sediment surface. Total weight will be measured of this plant material 
along with a subsample taken to determine wet:dry ratios for moisture correction. All 
of the biomass sample is returned to the tank and is evenly distributed within the tank 
within 1 week of sampling. 

 

1.8 Wild Rice Seed Preparation  

1.8.1 This is a continuation of a mesocosm exposure experiment that began in 2010 using 
the same experimental design. Each mesocosm tank was prepared using wild rice 
seed obtained from a natural wild rice lake (Swamp Lake) located within the Grand 
Portage Band of Lake Superior Ojibway Reservation. The seed was introduced in the 
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tanks in the spring of the year of the first test season (2011). Seeds produced from one 
year within each tank served as the source of new plants for the corresponding 
growing seasons in 2012 and 2013.  

 

1.9   Light, Photoperiod, Temperature and Humidity Test Conditions   

1.9.1  Tests are performed outdoors under natural environmental conditions. 

1.9.2  Water temperature is measured in each tank and recorded on a weekly basis. 

 

1.10  Phytotoxic Effects 

1.10.1  During the course of the growing season, observations of plant health and counts of 
total surviving plants are made for each tank on a weekly basis. Observations will 
include the date, time, and tank identification. 

1.10.2  Measurements recorded from 5 plants selected in each tank will include: final plant 
length, final stem/leaf dry weight, weight of plant above the root and weight of root, 
number of seeds produced per plant, and dry weight seeds produced per plant. The 
stem/leaf growth is cut from the plant at the point of the stem-root transition and 
placed into paper bags for drying. 

1.10.3 Section 1.7, Toxicity Test Procedures, describes additional samples and 
measurements to be completed for each tank. 

1.10.4 Plant biomass is measured as follows:  Plant material (vegetative above the root and 
root sections) are placed into an appropriately labeled paper bag. The plant bags are 
placed in a drying room at 38oC for initial drying and storage, bagged samples are 
then transferred to a drying oven at 60oC for 3 days, then the stem and leaf sections 
and the root sections are weighed individually to the nearest milligram. 

1.10.5   All dried plant materials are weighed on an OHaus AV53 balance to the nearest 
milligram. 

 

1.11 Other Physical and Chemical measurements 

1.11.1 Each tank has in place a divider that separates the sediment portion of the tank, which 
separates a zone where no wild rice plants are growing from the main area of the tank 
that contains the study plants in the tank. These tank subsections will be sampled for 
bulk sediment and sediment pore water to be performed by Drs. Amy Myrbo and 
Nate Johnson. Further description of their work with the tank sediment is found in the 
document titled, “Wild Rice Sulfate Standard Mesocosm Studies Quality Assurance 
Project Plan”.  
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1.12  Acceptability of Test Results 

1.12.1  At least 70% of control plants are living at the end of the growing season. 

1.12.2 Control plants should not indicate any visible phytotoxic or developmental symptoms 
at any time during the growing season. 

 

1.13  Analytical Chemistry 

1.13.1  Sampling and analysis of chemical solutions used for initiating and renewing test 
exposures will use the following procedures.  

1.13.2  Samples of tanks are collected weekly to determine sulfate concentration and adjusted 
as described in section 1.6. 

1.13.3 Sulfate concentration is measured as described in the document, “Determination of 
Sulfate by Flow Injection Analysis”, found in Appendix D of the document titled: 
“Wild Rice Sulfate Standard Mesocosm Studies - Quality Assurance Project Plan”. 
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Table of Contents

● List of analytes, vials, reagents, quantification methods

● Packing list

● Procedure

Analyses for Peeper samples
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This table outlines the details of the sample analyses for peeper porewater samples.

Large Cuvette Sample Size:  ~4mL (down to 4.5) metals, 2.5mL sulfide, up to 1.25mL for iron,

remainder (~1.5mL) for sulfate

Analyte Vials Pre-loaded

reagents/mass

Sample to

add

Post processing

methods

Quantification

Metals (Zn,

Cu, Fe)

6mL

poly

vial

N/A (just clean) ~4mL measure pH

immediately and acidify

with 0.5% HNO3

ICP-MS

pH In-situ

or in

metals

bottle

N/A Also measure pH in

mud at two different

depths (~2.5cm, 7.5cm)

Direct with pH

meter

Sulfide

(HS- + H2S)

6mL

poly

Reagent 1 (5% or 125uL for

2.5 mL sample) (to be

added the morning of)

2.5mL Add reagent 2 (5% or

125uL for 2.5 mL sample)

immediately after

sample is added; weigh

sample after

Spectrophotom

eter at 660 nm

Iron

(Ferrous

iron, 2+)

6mL

poly

vials

Reagent mix:

0.5mL DI water,

0.5mL phenanthroline,

0.25mL Acetate buffer,

0.025mL concentrated HCl

up to

1.25mL,

0.25mL at a

time (stop

when red

color first

appears)

Weigh sample after,

add enough DI water to

make 1.25mL of sample

+ dilution water

Spectrophotom

eter at 510 nm

Sulfate

(SO4-2)

1.5mL

amber

poly

vials

N/A (just clean) Remainder

of sample

(~1.5mL)

Filter through iron

cartridge into sample

vial and acidify with HCl

immediately; purge with

N2 gas if evidence of

sulfide

Ion

Chromatograph

y
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Small Cuvette Sample Size:  1.5mL sulfide, 1.5mL sulfate, 1.5mL for iron, remainder for (1.5mL metals)

Some trouble was encountered for reproducibility with small volume cuvettes.  As such, the small

sample size should only be used for very high concentrations with expected absorbances of greater

than 0.2 on the spectrophotometer.

Analyte Vials Pre-loaded reagents/mass Sample to

add

Post processing methods Quantification

Metals (Zn,

Cu, Fe)

20 mL

Scint

vials

N/A (just clean) ~4 mL (leave

5mL for

other

analyses)

measure pH (see

below) and acidify with

0.5% HNO3

ICP-MS

pH In-situ

or in

metals

bottle

N/A Also measure pH in

mud at two different

depths (~2.5cm, 7.5cm)

Direct with pH

meter

Sulfide

(HS- + H2S)

2mL

vials

Reagent 1 (5% or 75uL for

1.5 mL sample) (to be

added the morning of)

1.5mL Add reagent 2 (5% or

75uL for 1.5 mL sample)

immediately after

sample is added; weigh

sample after

Spectrophotom

eter at 660 nm

Iron

(Ferrous

iron, 2+)

20mL

Scint

vials

Reagent mix:

1mL DI water,

1mL phenanthroline,

0.5mL Acetate buffer,

up to 2.5mL,

0.5mL at a

time (stop

when red

Weigh sample after,

add enough DI water to

make 2.5mL

Spectrophotom

eter at 510 nm
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0.05mL concentrated HCl color first

appears)

Sulfate

(SO4-2)

2mL

vials

N/A (just clean) 2mL (fill to

brim or

whatever is

left)

Acidify with HCl

immediately (or after

measuring pH); purge

with N2 gas

Ion

Chromatograph

y

Sulfide Calibration & Matrix spike

Stock preparation (in lab):

Prepare ~20x dilution of primary stock by degassing 4.75 mL of DI water +0.5 % 10 N NaOH for 15

minutes in 5 or 20 mL serum bottle.  Carefully  transport (minimizing splashing) to glovebox and add

0.25mL sulfide primary stock (typically ~37,000 uM) to degassed, alkaline working stock water.  Cap

and crimp in glove box.

Std Vstd Cstk Vstk

0

3.7 uM 5 mL 1850 uM 10 uL

7.4 uM 5 mL 1850 uM 20 uL

11.1 uM 5 mL 1850 uM 30 uL

Matrix spike 5 mL (in syringe) 1850 uM 20 uL (or appropriate

volume 1-5x larger

than expected sample

concentration)

Blank (beginning of each peeper):

Prepare a blank for each peeper at the beginning of extraction using an unused bottom well and

4



7.5mL sample (triple preload Reagent 1).  DO NOT ADD REAGENT 2.

Calibration (for each set of 2 peepers):

Prep 5mL sulfide standards during first peeper extraction using the volumes above and deaerated

water used for peeper colection.

Matrix spike (once per trip):

extract 7.5mL from bottom well not being used for other analyses.  use first 2.5mL exactly like any

other sample.  Spike volume in above table into extraction syringe barrel and gently mix.  Dispense

2.5mL of spiked sample to each of Matrix Spike (MS) and Matrix Spike Duplicate (MSD) preloaded

with reagent 1 and immediately add Reagent 2.

Iron Calibration & Matrix spike

Std Vstd Cstk Vstk

0

30 uM 2.5mL 3000uM 25 uL

60 uM 2.5mL 3000uM 50 uL

180 uM 2.5mL 3000uM 150 uL

Matrix spike 5mL 3000uM 600 uL

Packing List:

● Paper towels

● Wash Basin (+ clean water if no on-site source)

● Props to hold peepers out of water

● 10ml syringes + needles

● Kim wipes (2 boxes)

● squirt bottles (x2)

● pre loaded, labeled and massed sample vials

● Notebook & pens & markers

● scissors, exacto knives

● labels
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● gloves,  safety glasses

● waste bottle,  Sharps container

● extra bottles/vials/reagents

● DI water (1L)

● portable scale

● Spectrophotometer (& stock solutions)

● Cuvettes

● Split samples

● Pipette (1-20 uL & 100uL & 1mL)

● pipette tips

● pH meters (Field & lab) & calibration solution

● Beaker/electrode stand

● first aid kit

● Trash bag

● Batteries

● Iron filter

● HCl

● Nitric acid

● Phenanthroline

● Acetate Buffer

● Sulfide Reagent 1

● Sulfide Reagent 2

● Large Nitrogen bags,  tank,  regulator,  tubing,  wrench,  tether strap,  flow meter

● Table

● Tent,  walls, clamps

● Buckets (at least 4 or 5)

● Cooler, Blue ice

● Bug spray,  sunscreen

Additional Field supplies

● Diffuser

● Canoe, paddles, life jackets

● anchors and rope

● GPS Coordinates

● Extra nitrogen tank
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● Jumbo Nitrogen Bags

● TP

● Knee boots or sandals

● Meals

● Rain gear

● (charged boat battery, power inverter, battery charger)

Field Deployment Packing list:

● Sealed peeper keeper

● Fence posts

● Nuts,  bolts,  washers

● Drive rod

● Canoe,  paddles,  life jackets

● Outriggers,  anchor

● Rope

● Wrench

● Nitrogen tank,  regulator,  tubing, flow meter,  tether strap

● Diffuser

● Nitrogen bags  -- > jumbo

● Tray

● Extra DI water

● Peeper Keeper space fillers

● Press n Seal cling wrap

● Electrical tape

● Duct tape

● GPS coordinates

● Bug Spray

● Sunscreen

● Boots, Rain Gear

● Lunch
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Procedure:

● Collect water from peeper wells (3 people required, minimum – one to handle sample vials,

one to dry peeper wells and measure pH/acidify SO4 samples, one to draw sample from

peeper wells and allocate to sample vials)

○ Fill rinse tub with water (does not need to be DI)

○ Assemble all materials necessary for upcoming steps in order to minimize time

between peeper retrieval and placing samples in preserved sample vials

○ Remove peeper from sediment noting (with finger) which well is the first above the

sediment water interface

○ Make note in lab notebook which well appeared to be the first above the S-W

interface (based on finger method and based on visual observation of typical

iron-oxide layer on first peeper well exposed to oxygenated overlying water).  Write

both down.

○ Submerge peeper in rinse tub and wipe excess mud off with kim-wipe (oxygen

diffuses faster through air than water, so keeping peeper submerged in even

oxygenated water minimizes oxygen intrusion).

○ Spray remaining sediment particles off with a squirt bottle filled with DI water.

Remove as many particles as possible recognizing that the time required is a tradeoff

between performing a thorough cleaning and introducing oxygen to peepers.  I

typically only spend ~5-10sec on each well to remove most loose particles.  Some

sediment particles will remain trapped between mesh and filter paper and it would

take too long to try to get them all.

○ Place peeper into nitrogen filled plastic bag, seal bag (except for small vent hole) and

purge with a slow stream of nitrogen to maintain positive pressure

○ Start extracting samples from peeper wells beginning with the most strongly reduced

conditions and working your way towards progressively more oxidized conditions.

Experience in sulfate-amended, high-organic mud has shown that the top 3-5cm of

sediment has significant dissolved sulfide while deeper sediment has predominately

dissolved iron.  Wells in equilibrium with oxygenated overlying water can be sampled

last.

■ Dry wells to be sampled first and the adjacent wells with several kimwipes to

soak up water.  Tipping the peeper slightly to one side while pressing a few

kimwipes (balled up) against the mesh removes most water.  Once the well to

be sampled plus the two adjacent wells are fairly dry, sample extraction can

commence.
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■ With peeper tipped slightly to one side (to allow water to drain to needle)

pierce bag+mesh+filter paper with 18g+ needle attached to syringe and

position needle tip in the bottom corner of peeper well.

■ Ensure that water is not leaking into needle hole from the surface and place

kimwipe on needle hole if necessary.

■ draw sample into syringe quickly (but not so quickly that a vacuum is formed

in the barrel or significant splashing occurs) and stop filling immediately (or

just before) air bubbles are seen (~8-9mL should be possible).

■ Allocate sample to pre-loaded sample vials.

● First metals to brim (so that pH measurement is not compromised)

● Secpmd sulfide

● Third iron

● Fourth sulfate

■ Minimize splashing during this process to preserve redox state of sample as

much as possible and minimize the loss of dissolved gas (which can affect pH

measurement).

■ Sample for sulfide analysis should be added as close as possible to the

specified volume.  Exact sample volume will be recorded based on mass back

in lab so precise volume is not critical.

■ Sample for iron analysis should be added only until pink/red color appears in

phenanthroline-loaded sample vials.  Sample volume will be recorded based

on mass back in lab so exact volume is not critical.

■ The remainder of the sample is used for pH and sulfate analysis.  To avoid

degassing of CO2 / H2S and consequent change in pH, care should be taken to

minimize sample splashing/mixing while putting this last aliquot into a vial.

Discharge below the solution surface and/or do not discharge sample fast &

mix/agitate.

■ Change to new needle prior to extracting the next sample well

■ Move to next peeper well to be sampled (should already be dried) and

extract next sample (again ensuring minimal water leaks into needle hole).

Continue until all peeper wells have been completed.

○ As quickly as possible (within 1 minute), unpreserved samples for metals should be

measured for pH (using fast-responding pH meter, rinsing/wiping between samples)

■ Measure pH with lab pH meter and record in lab notebook.  Rinse probe with

DI water between samples to minimize carryover between samples.

■ If accurate Cl measurements are necessary, an aliquot of sample for chloride
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analysis should be removed prior to acidifying.

○ As quickly as possible, sulfate sample should be acidified with HCl to convert all

sulfide to volatile H2S prior to quantifying sulfate)

■ Add HCl to lower pH to <3.  Experience has shown that ~0.1% (~1uL per mL

sample) concentrated HCl is sufficient.  Samples with excess H2S or CO3 could

require additional acid.

■ Close vial and shake gently to mix in acid and partition H2S into headspace.

Remove cap to let gaseous H2S evade.  Either leave cap off or loosely cap to

let sample continue to purge of H2S.  Remember to tighten cap before

transporting samples. Further active purging can take place in lab with a

stream of N2.
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Standard Operating Procedure for Analysis of ferrous iron by the 

phenanthroline method (spectrophotometry)  
Johnson Research Group 
UMD-Civil Engineering 
Updated 4/1/2013 
 
The methods outlined in the Standard Methods for the Analysis of Water and Wastewater 
Method 4500 Fe- D are followed on a Hach DR 5000 UV/VIS spectrophotometer.   
 
Briefly, an appropriate volume of reagents (HCl, Acetate buffer, Phenanthroline, DI 
water) are added to a clean sample vial to which sample is carefully delivered with a 
pipette.  If concentrations are expected to be in excess of 200uM, a smaller sample volume 
is added and diluted to the expected sample volume with DI water.   
 
The vial is then capped and gently mixed.  Absorbance is read at 510nM within 30 
minutes and compared to absorbance of blanks and standards.  For low concentrations, 
blanks and standards are prepared in deoxygenated (but formerly oxidized) matrix water. 
 



Standard Operating Procedure for Analysis of anions by Ion Chromatograph  
Johnson Research Group 
UMD-Civil Engineering 
Updated 4/1/2013 
 
The methods outlined in EPA Method 300.1 are followed on a Dionex ICS-1100 Integrated IC system (AS-DV 
Autosampler).   
 
Each sample is injected into the 25 μL sample loop, and separated using a Thermo Scientific AS22 IonPac 
4x250 mm anion exchange column, after which each anion passes through the conductivity cell for detection. 
The eluent is 4.5 mM sodium carbonate and 1.4 mM sodium bicarbonate pumped at a rate of 1.2 mL min-1. The 
suppressor current is set at 31 nA and the column is continuously heated at 30º C. 
 
In general (and especially when high sulfide is present), samples are filtered with 0.45uM polyethersulfone 
(PES) filter membranes and acidified to < pH 4.5 with concentrated HCl to convert all dissolved sulfide species 
(H2S , HS-, and S2-) to H2S, which reduces the amount of sulfide available to oxidize to sulfate prior to 
analysis.  When chloride analysis is desired, the sample is split and analyzed separately for chloride.  After 
acidification, samples are stored at 4C until analysis.  Samples are diluted with Millipore water (18.2MΩ 
resistance) if necessary and placed in new 5 mL or 0.5mL Dionex polyvials with 20 μm-pore filter caps and 
loaded into the autosampler.  If excessive iron has precipitated out of samples, they are re-filtered with 0.45 um 
PES filters.   
 
A Thermo Scientific Anion Standard is used for preparing calibration standards, ongoing recovery checks, and 
matrix spikes. 



UMD Civil Engineering QA Procedures 
 

Quality Assurance / Quality Control (QA/QC) procedures for Johnson Research Group 

N Johnson 
Updated: 9/19/12 

 
In order to ensure the quality of analytical data from a variety of techniques used to quantify chemicals in our lab, this 
document lays out procedures for how to ensure that the analytical equipment is giving consistent results and 
functioning as we expect for samples.  These guidelines apply to:  

- Anions and cations by Ion Chromatograph 
- Ferrous iron by phenanthroline method 
- Sulfide by ISE 
- Sulfide by methylene blue spectrophotometric method 
- Metals by ICP-MS 
- Sulfate by turbidometric method 
- pH & ORP by electrodes 
- DOC on TOC analyzer 
- Total elemental analysis on CHNS analyzer 

The principle of QA/QC is to run checks with the instrument, at the beginning and periodically throughout the samples, 
to ensure that the instrument is functioning accurately and consistently and that there are no abnormal matrix effects 
that may compromise the analytical results.  At least four or five types of QA/QC checks should be performed: 

- MB - Method Blanks (approx. every 10 samples) 

o Water blank (usually DI water) with the exact composition of reagents as samples and calibration 

solutions and prepared using the same method (transfers, vials, dilutions, etc.) as samples;  should be 

run more frequently (and after high concentration samples) if instrument carryover is experienced  

- OPR - Ongoing precision and recovery (approx. every 10 samples) 

o A check of one of the calibration standards to make sure equipment is still performing as expected.  For 

destructive analysis, if enough standard volume is prepared initially, this can be taken from the same 

bottle. 

- REF - Quality control sample, or reference material (min. once per batch) 

o This is a sample of known concentration (typically analyzed by another lab) which can be used to check 

our own method against someone else’s 

 
- DUP - Duplicates (min. once per batch, or every 20 samples) 

o An exact replicate of one sample, prepared from the beginning in exactly the same way (not just back to 

a sample vial that was analyzed previously) to test method precision/reproducibility. 

- MET SPK - Method Spike (min. once per batch, or every 20 samples) 

o This is typically performed for samples which require complex extraction procedure.  A known amount 

of analyte is spiked into a blank matrix similar to the initial sample.  This spike is then taken through all 

extraction/dilution/etc. steps and analyzed like a sample.   

- MS/MSD - Matrix Spike & duplicate (min. once per matrix) 

o A sample which was analyzed alone should be split and prepared in exactly the same way.  A known 

amount of analyte is then spiked into the duplicate sample.  The original replicate will have a known 

amount of the analyte and can be subtracted from the spiked replicate to ensure recovery and or 

linearity of instrument response.   



o Many times a sample is split into three replicates and two are spiked to check precision/reproducibility 

and recovery at the same time. 

- Detection limit (once for the method) 

o Established by analyzing many samples (>~7) at a concentration expected to be near the detection limit; 

the standard deviation of these analyses is used to establish a method detection that is known to be 

above zero with confidence according to a standard procedure.   

  



Typical analytical sequence 

As a result of the need for these quality assurance checks, a typical analytical sequence (for 30 samples) in a new matrix, 
might involve the following: 

- An analytical blank 
- Two to five non-zero calibration standards spanning the range of expected sample concentrations 
- Ongoing Precision Recovery sample 
- Quality Control or reference sample 
- An analytical blank 
- Seven samples 
- A method blank 
- Ongoing precision Recovery sample 
- Three samples 
- Duplicate sample(s) 
- Four samples 
- A method blank 
- Matrix spike / matrix spike duplicate 
- Five samples 
- Ongoing Precision Recovery sample 
- Four samples 
- Method spike 
- An analytical blank 
- Seven samples 
- Ongoing precision recovery 
- An analytical blank 

Although the above sequence involves 48 analytical runs for only 30 samples, the quality of the data will be much higher 
if these QA guidelines are followed and results can be reported with confidence.   

A typical analytical sequence for a matrix that we have tested before and had reliable results for matrix spikes, could 
leave out matrix spikes.  If OPR results consistently come out within 10% of expected values over a period of months of 
performing analysis, subsequent batches of samples (run on the same instrument) can proceed without a full calibration, 
but maintaining blanks and OPR checks. 



Standard Operating Procedure for Analysis of sulfide by the methylene blue method 

(spectrophotometry)  
Johnson Research Group 
UMD-Civil Engineering 
Updated 4/1/2013 
 
The methods outlined in the Standard Methods for the Analysis of Water and Wastewater Method 4500 S2- D 
as implemented in Hach Sulfide method 8131 are followed on a Hach DR 5000 UV/VIS spectrophotometer.   
 
Briefly, an appropriate volume of sulfide Reagent I (5%) is added to a clean sample vial to which sample is 
carefully delivered with a pipette.  Sulfide reagent II is immediately (within 30s) added to the vial, capped, and 
gently mixed.  Absorbance is read at 660nM within 30 minutes and compared to absorbance of blanks and 
standards.  For low concentrations, blanks and standards are prepared in deoxygenated (but formerly oxidized) 
matrix water. 
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Extractable Metals SOP for Non-Point Source Sediments 
8/6/98  D.R. Engstrom  (Revised 02/27/2002 JC) 

 
1. Dry sediments in freeze-drier; grind to a fine powder. 
 
2. Make labels for 60ml  acid-washed, PP bottles; record weight of bottle+ label. 
 
3. In a dispenser bottle, make up 1L of 0.5N HCl from concentrated, high purity,    

HCl .  Include lot # of acid on benchsheet.  When making up acid, anything coming into 
contact with the acid must be extremely  clean.  Volumetric should be acid washed, triple 
rinsed with DI water, and rinsed with a small amount of high purity acid before using.   

 
4.  Weigh out 0.25 +/- 0.02 g dry sediment into a 50-ml, acid washed centrifuge tube on  
      analytical balance; record exact weight. 
 
4. Add 25ml high purity 0.5 N HCl using a dispenser bottle and record exact weight of  

acid used.  Loosely cap vials and allow carbonates to react for a few minutes before 
proceeding.  Include in set 10% duplicates and blanks of just 25ml HCl.   

 
6. Heat in a hot-water bath at 80-85 degrees C for 30 minutes, plus time for samples to  

arrive at temperature (determine this using a thermometer in a water blank); place samples in 
refrigerator to stop reaction.  Allow to cool 5 minutes. 

 
7. Dry outside of tubes and centrifuge for 10 minutes at 1000 rpms (until solution is  

clear). 
 
8. With an auto-pipettor, pipette 10.0 ml of sample supernatant into pre-weighed, 60ml,  

acid-washed, PP bottles; record solution weight.   
 
9. Dilute sample solution with 40 +/- 0.5g DI H2O on top-loading balance; record exact  

weight of water added. 
 
Reagents 

0.5 N high purity HCl 
      42g conc. HCl to 1.0 kg 

Analytical 
Analysis  Method    DF  Matrix  2nd Dilution 
Trace Metals   ICP-MS   500  0.1 N HCl none 
Majors    ICP-MS   5000  0.01 N HCl 1:10 
 
Table of Results       _______________ 
Sample No. Vial No.    Sed. Wt.     HCl Wt.    Bottle Wt.     Extract Wt.    DI H2O Wt. 
 
Notes  
 

Include 250ml 0.5 N HCl lab to make up standards 
Sample matrix will be 0.1 N HCl 
Include 5-10% duplicates and blanks 
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LacCore Pastor mesocosm site sampling protocol for MPCA-SO4 project  

Rev. Val Stanley 05/30/2013.  Copied field protocol and made minor changes. 

Rev.  Amy Myrbo 6/25/2013. Prior to, during, and after day out with field crews, and in consultation 

with Ed Swain and Nate Johnson, wrote procedure for mesocosm sampling.   

Rev. Ed Swain 6/27/2013 to fix typos and change “pore water” to “porewater” 

Rev. Amy Myrbo 7/19/2013 to reflect serum bottle sinking protocol 

 

The ⇓ symbol indicates that data should be recorded at this point, or that a note should be 

made that a sample was taken.  

 

Overall order of activities: 

1. Porewater sampling using Rhizons 

2. Water profiling using Hydrolab Quanta or equivalent instrument 

3. Water sampling 

4. Mini-coring next to peeper 

(The previous four steps must take place prior to the peeper being retrieved. Step 1 should 

be started two hours prior to scheduled peeper retrieval. Step 4 should take place 

immediately before peeper retrieval.) 

5. Porewater pH measurement 

6. Hach color wheel analysis (can occur whenever convenient) 

 

Wear nitrile gloves at all times while working in the mesocosms. Change into new 

gloves right before you put your hands into the water.  If you use sunscreen, 

thoroughly rinse your forearms at the pump before putting your hands into the 

mesocosm water. 

 

Preparation: 

• Review equipment checklists and restock any required equipment. 

• Calibrate Hach pH meter: Complete calibration log that goes with the meter, noting 

date, time, calibration, and who completed it. ⇓ Insert pH probe into small, color-

coded vial with pH 7.0 solution. Take reading and record as “Before.” Calibrate, but 

do not record the value that appears on the screen. Take another reading and 

record as “After.” Dump used solution into hazardous waste container and re-fill 

vial from pH 7.0 bottle. Rinse probe with deionized water, then repeat process with 

pH 4.0 solution. Rinse probe again and re-cap in storage solution. Complete process 

similarly with 1001 μS conductivity solution—using small vial of solution, calibrate 
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to 1001 μS spC. Dump used solution into hazardous waste container. Refill small 

vial of solution, rinse probe, and re-cap in storage solution. Ensure that calibration 

log was properly completed, leaving no fields blank. ⇓ 

• Calibrate Hydrolab/Quanta for pH and SpC (every site) ⇓ and DO (weekly) ⇓. Note in 

calibration log.  

• Soak rhizons. ⇓ 

• Make a table with the designations for the four peeper locations to be sampled that 

day, so that you can refer to it during the day to avoid confusion.  Also prepare all 

labels.  An example of a complete mesocosm site and sample designation is S29HA 

MS-199-1. Labels comprise the following information: 

o MS-site (MS-###); 

o (for stratigraphic sediment samples only:) depth designator for LacCore (“1” 

for top sample, “2” for second sample, etc.); 

o UMD sample ID  

• Tank code, S# or S## 

• H, M, L, or C for high, medium, low, and control, respectively 

• A for the root zone side or B for the rootless side  

• Fill in site information. Record weather conditions. Note which equipment you are 

using. ⇓ 

• Take site photos:  Take an overview photograph from the gate of the mesocosm 

enclosure, framing all 30 of the sulfate treatment tanks.  Photograph each 

mesocosm you are working on that day, making sure to include in the frame the 

code written on the edge of the mesocosm tank.  Review photos to ensure that each 

has acceptable exposure and focus. Delete and re-take any that are unacceptable. ⇓ 

 

Porewater sampling: 

• Prepare two Rhizons per peeper (usually 8 total, plus 2 spares) with tubing and 

needles, Teflon-taping all connections to seal. 

• Prepare one serum bottle per Rhizon by attaching [taping??] [#?] nails that have 

been pre-washed (detergent and water) and rinsed to the outside of the serum 

bottle to weigh it down so that it sits on the sediment surface but does not sink in. 

• Evacuate serum bottle for metals first, using a needle and hand pump. Pump to 

approximately 25 inches Hg internal pressure, then remove needle slowly.  Put on a 

new pair of nitrile gloves.  Insert the Rhizon vertically into the sediment of the 

mesocosm about 15 cm away from the peeper so that the clear connector is just 

below the sediment surface.  Submerge the serum bottle near the Rhizon and pierce 

the septum of the serum bottle with the Rhizon needle. Leave to draw until fluid 

reaches the desired volume of 70 mL. When finished sipping, remove the needle 
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from the bottle before removing the Rhizon from the core. Remove needle slowly to 

avoid air invasion.   

• Evacuate sulfide bottle, which is preloaded with zinc acetate and has a nitrogen 

headspace. Put on a new pair of nitrile gloves.  Place Rhizon end into sediment as 

above, and then insert the needle into an evacuated “sacrificial” bottle to draw air 

out of the sipper. Once you see water pulling through the tubing into the bottle, 

remove the needle and insert into the sulfide bottle, using the same technique as 

above. Do not re-use needles from sulfide bottle in other bottles as this bottle 

contains zinc acetate and may contaminate other bottles. Record start weight of 

sulfide bottle. ⇓ Sip 50 mL of porewater into sulfide bottle. At end of this sipping, 

check that weight written on the bottle is not obliterated or caused to bleed. 

• Take practical samples – as much as you can get until it gets slow. Ensure that top of 

Rhizon is always below the sediment surface, sipping porewater, and not above it, 

sipping the overlying water.  It is particularly important that air is not introduced 

into the sulfide sample. 

 

Water profile and sampling: 

• Turn on Hydrolab circulator and deploy Hydrolab to collect multiparameter data at 

10 cm intervals. Measure from surface (first measurement) to just short of 

sediment-water interface (last measurement), at 10 cm intervals, which are taped 

off on the instrument’s cord. The last interval may be less than 10 cm in length. ⇓ 

Record temperature (T, in units of ˚C), specific conductance (spC, in units of S/cm 

or mS/cm), pH, and dissolved oxygen (DO, in mg/L). Note spC units. ⇓ Rinse probes 

with deionized water before replacing cap containing storage solution. 

• Put on a new pair of nitrile gloves.  Being careful not to disturb the sediment or 

submerged or floating plant material and scum, collect water samples by holding 

each subsample bottle (not the master amber bottle) a few cm below the water 

surface to fill. ⇓ Note any disturbance of the sediment that occurred during this 

activity.  ⇓ Tighten all caps to ensure that samples are tightly sealed. Label and place 

all samples in cooler. 

 

Mini core procedure:  

• Set up glove bag and fill/flush with N2 for at least 15 minutes. 

• Cut a section of 1.5” tubing of about 25 cm in length.  Insert a top piston and thread 

the rod onto the threaded top hole of the top piston.  Position a board or sawhorse 

across the mesocosm near the peeper.  Lower the mini-corer and rod assembly so 

that the base of the corer is level with the second peeper slot visible above the 

sediment surface.  Clamp the rod and hold it tightly to keep the piston in place 

vertically.  Wearing gloves, push the tubing down until it hits the sand at the base of 
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the soft sediment, being careful not to overpenetrate and lose the piston out the top 

of the tube.  Unclamp the rod and carefully lift up the rod and tube together.  

Wearing gloves, place a bottom piston at the bottom of the core tube before lifting 

the core tube out of the water.  Stand the core tube on top of the bottom piston on 

top of the board.  Using a piece of rubber tubing, siphon the water out of the tube 

above the piston.  Using the pipe cutter, cut the tubing just above the black gasket of 

the top piston.  Carefully remove the top piston by gently rocking the rod to one side 

to break the vacuum.  Insert the bottom piston into the bottom of the tube.  Move 

the core to the extruder. Measure the length of the sediment. ⇓  

• Note whether or not sediment smells like hydrogen sulfide, H2S. ⇓ 

• Using the HTH extruder, extrude the core at intervals of 1.5 cm (three turns) for the 

top sample, 1 cm (two turns) for the second sample, and 1.5 cm for each sample 

below that. Place each sample in a specimen cup, labeled in advance on both the lid 

and cup with complete stratigraphic sediment label as described above.  Sample 

down to the seventh sample or farther; if you reach the sand, stop and do not 

sample.  Immediately place specimen cups in a nitrogen atmosphere without caps 

on. 

• Under a nitrogen atmosphere in the glove bag, thoroughly mix each sample with a 

spatula.  Remove half of the sample into a small Nalgene jar. Add the small pre-

measured portion of zinc acetate to the small plastic jar, mix well, blow off 

headspace with N2, and cap.  Place plastic jar inside glass jar (still under the nitrogen 

atmosphere), blow off headspace of the glass jar, and cap. Label as above. Check 

caps and place AVS sample on dry ice and metals sample on ice in coolers. Note 

number of samples extruded on datasheet and write down sample IDs for 

recordkeeping. 

 

Porewater pH measurement:  

• Put on a new pair of nitrile gloves.  Insert the pH probe below sediment surface in 

the mesocosm to 5 cm depth marked on probe. Hold there until reading stabilizes. 

Record reading. ⇓ 

 

Hach water color:  

• Fill outer test tube with clear water, either distilled water or clear drinking water so 

that the meniscus is even with the upper line. Collect mesocosm water in the same 

way as water samples, holding the test tube under water to fill without collecting 

particles.  Inner test tube should be filled to the same level as the reference tube. 

Look through tubes towards sky and turn color wheel until the two tubes’ colors 

match. Record value. If water is too colored (>100), remove mirror and multiply 

value by 5. If still too colored, leave mirror out and dilute sample by half (empty to 

lower line and add distilled water to reach the second of the three lines), and then 
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multiply the observed value by 10. Rinse mesocosm sample tube with deionized 

water. ⇓ 

 

HTH core collection (First and last sampling dates of the season only):   

 Rinse polycarbonate HTH corer tube. ⇓ Collect one core per peeper. Retain tension 

on rope while pushing gravity corer deeper into sediment. Pull corer up and – 

keeping bottom end of core underwater and holding core upright – insert piston. 

Always hold cores upright. Avoid any area where sediment may have been 

disturbed. 

 

End of day wrap-up: 

• Review data sheet to ensure that all fields have been entered. Do not leave any 

spaces blank.  Make any necessary field notes. ⇓ 

• Complete MDH Chain of Custody form for samples: Using attached model, fill out 

one form for each site. Record names of both samplers, location ID, sample point, 

date, time when samples were collected (all samples should show the same time, 

when first samples were pulled), and coordinates (latitude/longitude) of the site 

(under Sampler Comments). Sign form. All fields pertaining to Matrix code, quantity 

of containers/preservatives, and analyses should be already completed on the form. 

Direct any questions about form to Ed Swain. Place forms in Ziploc bag inside of 

cooler with samples. ⇓ 

• Enter data daily into database. 

• Upload and name photos in a new folder in Transfers. Folder name should contain 

Location ID (MS-xxx) and Sample Point (Site Name/designation). All files should 

include the Location ID in their names. 

• Re-freeze cold packs as needed and ensure that there is sufficient dry ice to keep 

AVS samples frozen. 

• Bill supplies and services for the day. 

• Send a report of the day’s activities to the SO4-project listserv, and insert relevant 

text in the “Additional Comments” text field on the field data sheet in FileMaker. 

• When relinquishing samples to MPCA or MDH representative, complete 

“Relinquished by/Affiliation” along with date and time on lower part of Chain-of-

Custody form. The accepting representative must complete the “Accepted 

by/Affiliation” portion of the form. 
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